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APPLICATION OF A NEW LABORATORY METHOD FOR THE 
DETERMINATION OF THE SURVIVAL OF HELMINTHOSPORIUM 
SATIVUM SPORES IN SOIL' 


S. H. F. CuHinn anno R. J. LEpINGHAM? 


Abstract 


A laboratory method is described for determining the survival of Helmintho- 
sporium sativum spores in soil. An oil-water emt ulsion containing the spores 
is mixed with potato dextrose agar supplemented with molasses; microscope 
slides are then dipped into the mixture, incubated, and examined for spore 
germination. Application of the method showed that viability of spores in a 
dry soil did not decline over a 9-month period whereas survival of spores in 
saturated soil dropped markedly in the same period. Intermediate moisture 
levels had intermediate effects on the spores. Studies on spores obtained 
directly from cultivated fields indicated little mortality from fall to spring. A 
summerfallow year between two wheat crops resulted in a substantial decline in 
percentage of viable spores. 


Introduction 


A knowledge of the survival of pathogenic fungi in soil is particularly 
important to the worker seeking control measures for the disease or diseases 
caused by these fungi as it is well known that soil conditions have a marked 
influence on the spores. Plant pathogenicity tests have been the criteria in 
most studies for determining spore survival. However, a more direct ap- 
proach has been used in a few instances. Bremer (1) developed a direct 
microscopical technique for this purpose. He buried sections of cabbage root 
infected with spores of Plasmodiophora brassicae in the soil. Viability was 


determined at intervals by recovering spores from the roots and plasmolyzing 


them in salt solution, followed by deplasmolysis in water. Glynne (4) 
extracted spores of Synchytrium endobioticum directly from soil with chloro- 
form after which a viability test was conducted. King and Eaton (6) placed 
soil inoculated with sclerotia of Phymatotrichum omnivorum in cheesecloth 
bags and buried these in soil. This method apparently was not entirely 
successful as the bags decomposed after a few months. Subsequently, 
Taubenhaus and Ezekiel (12) used stoppered glass vials as containers for these 
sclerotia in similar studies. 

1Manuscript received November 13, 1957. 

Joint contribution from the Bac teriology Division (No. 445) and the Botany and Plant 


Pathology Division (No. 1621), Science Service, Canada Department,of Agric ulture, Ottawa, 
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*Bacteriologist and Plant Pathologist, respectively. Plant Pathology Section, Canada 
Agriculture Research Laboratory, University Sub Post Office, Saskatoon, Sask. 
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Using the plate-dilution technique in a study of the survival of micro- 
organisms introduced into the soil, Katznelson (7) noted that an estimation 
of changes in population over a period of time could be made with some but 
not with all fungi. He found that Helminthosporium sativum was difficult to 
distinguish on fungal plates. More recently Stover et al. (10) and Stover (11) 
also using the plating technique demonstrated that populations of Fusarium 
oxysporum f{. cubense were rapidly reduced and eventually destroyed in soils 
constantly saturated with water. 

In studying survival of spores in soil Legge (9) allowed the fungi to develop 
on glass threads or on glass-fiber tape before burying them in soil. Such thread 
or tape can be recovered without difficulty at any subsequent time for counts 
of surviving oospores. A similar technique was used by Dobbs and Hinson (3) 
in studying germination and spore survival of Penicillium frequentans in soil. 

This paper reports on methods for the recovery and viability testing of 
spores of Helminthosporium sativum Pamm., King and Bakke from soil. Some 
data illustrating the usefulness of the technique in following the survival of 
H. sativum spores in laboratory and field trials are presented. 


Materials and Methods 


The method used for determining the viability of spores of H. sativum in 
soil is designated as the flotation-viability test. It is based on a method 
described by Ledingham and Chinn (8) for the recovery of spores from soil. 
The recovery method used was as follows: forty grams of soil inoculated with 
spores of H. sativum were thoroughly mixed with 10 ml. of mineral oil in a 
Petri dish and then transferred to a test tube measuring 28 X 300 mm. Tap 
water was added until the contents reached to approximately 7 cm. from the 
top of the tube. The tube was stoppered, agitated vigorously for 3 to 5 
minutes, and placed in a vertical position. 

In less than 30 minutes most of the soil had settled leaving above the water 
an emulsion containing the spores. The emulsion, amounting to about 25 ml., 
was delivered by pipette to a 30 by 70 mm. screw cap jar and warmed to 45° C. 
Potato dextrose agar containing 1% molasses was melted and cooled to 45° C. 
Then 15 to 20 ml. were added to the emulsion. The mixture was shaken 
vigorously and clean microscopic slides were dipped momentarily, one at a 
time, into the agar suspension. As soon as the agar had set, the slides were 
placed in staining dishes fitted with moist filter paper. Further precaution 
against drying of the agar on the slide was taken by placing the dishes in a 
second closed container. The slides were incubated at 24° C. for 12 to 15 
hours. 

At the end of the incubation period the agar on one side of the slides was 
wiped off and a dilute solution of cotton blue was sprayed on the opposite 
side. The slides were then examined for spore germination. Percentage 
germination was based on the examination of 50 spores taken at random on 
each of two slides. 
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Influence of Soil Moisture on the Survival of Spores of 
H. sativum under Laboratory Conditions 


Forty-eight kilograms of dry sifted soil were inoculated with a spore sus- 
pension of H. sativum. The soil was divided into six lots. Lot 1 contained 
3 kg. and the other lots each contained 9 kg. Lots 2, 3, 4, 5, and 6 were ad- 
justed to moisture levels of 18, 37, 54, 72, and 88% of the moisture-holding 
capacity of the soil. At these rates the latter five lots of soil were at moisture 
levels considered to be dry, below optimum, optimum, above optimum, and 
saturated. The five 9-kg. lots were each divided into 3-kg. sublots and were 
placed in gallon crocks, covered with aluminum foil and stored at room tem- 
perature. Sterile water was added as needed to maintain moisture levels. 

The survival of spores of H. sativum in the various soils was followed by 
determining their viability with the flotation-viability test initially and at 
monthly intervals thereafter over a 9-month period. Seedling tests were 
carried out with the same soil lots to determine whether loss of viability would 
be reflected in lowered disease ratings. Seedling tests were made with soil 
of Lot 1 at the beginning of the experiment and with sublots of the other soil 
lots at the second, sixth, and ninth months. Prior to seeding, all soils were 
brought to a uniform moisture level by air-drying the wet soils and adding 
water to the dry soils. The whole experiment, with slight variations, was 
repeated a second time. 
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Fic. 1. Survival of spores of H. sativum at different moisture levels (M.H.C.) over 
a period of 9 months. 
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The influence of soil moisture on survival of H. sativum spores is illustrated 
in Figs. 1 and 2. Fig. 1 shows that, initially, spore germination was high 
(95%) and in dry soil it remained practically unchanged throughout the 
experiment. However, in the soil with below optimum and optimum moisture, 
survival had declined to 37% and 46%, respectively, by the end of 9 months. 
In the soil with above optimum moisture, survival percentages were 29 and 
13 at 6 and 9 months, respectively. In the saturated soil 25% of the spores 
germinated at the end of 6 months and 2% at the end of 9 months. 

Fig. 2 shows that the disease rating of seedlings grown in soil at the begin- 
ning of the test was 32%. The soil lots with below optimum and optimum 
moisture produced seedlings showing somewhat less disease than the dry soil 
at all three periods of testing. The above optimum and saturated soils, 
however, showed very marked reduction in seedling infection, with the sat- 
urated soil being the lowest. 

In general, the data obtained when the experiment was repeated were quite 
similar to the above and will not be recorded here. 


DISEASE RATINGS OF WHEAT SEEDLINGS 











MONTHS 


Fic. 2. Disease ratings of wheat seedlings grown in soil inoculated with H. sativum 
and maintained at different moisture levels (M.H.C.) for periods up to 9 months prior to 
planting the wheat seed. 


Survival of Spores of H. sativum under Field Conditions 


A number of fields were selected and sampled at intervals, starting with 
those from which a wheat crop had recently been harvested, continuing through 
the ensuing summerfallow year and into the next crop season. For the most 
part the collections were from the same general area of the same fields through 
the period October 1954 to June 1956. Additional fields were included in the 
autumn of the summerfallow year and the following spring. However, in all 
cases the crop history was known. 
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The spores were obtained from pieces of crown tissue of the preceding wheat 
crop by repeated washing with water. The soil and spores washed from the 
stubble were allowed to settle out, part of the excess water was poured off, 
and the remainder, containing spores, soil, and debris, was transferred to a 
test tube of a size 28 X 300 mm. Ten milliliters of mineral oil was added and 
the tube was agitated vigorously to produce an emulsion which contained 
the spores. The emulsion was pipetted off and used in a viability test as 
described earlier. 

Henry (5) has shown that H. sativum does not commonly sporulate in ordin- 
ary field soil. This fungus does sporulate abundantly, however, on stubble 
in the fall after maturity of the crop and again in the spring. As decomposi- 
tion of the stubble proceeds, sporulation declines sharply and under average 
conditions it has dropped to a minimum by midsummer of the summerfallow 
year. The age of the spores as listed in Table | is bused on their production 
either in the fall or the spring after a crop of wheat. 

The data in Table I| indicate that spores produced in the field after harvest 
show a high percentage germination in the fall and that little change occurs 
over the winter. It may be assumed that some of the spores recovered in the 
spring sampling, particularly those taken during the latter part of April, may 
have been only recently produced. As a check on overwintering, several of 
the fields were sampled as soon as the snow had melted; thus the spores re- 
covered were ones produced the previous fall. The percentage germination 
of spores recovered in the spring was only slightly lower than the percentage 
of the previous fall. There was some decline during the summerfallow year 
as shown in the average fall germination of 61%. During the second winter 
a further loss in germination was noted, the percentage obtained in April 
being 53% and in June, 40%. 


TABLE I 
PERCENTAGE GERMINATION OF H. sativum SPORES RECOVERED FROM CULTIVATED 
FIELDS AFTER WHEAT, AT INTERVALS THROUGH THE SUMMERFALLOW 
YEAR AND INTO THE NEXT CROP SEASON 





| 








Approx. age Mean 
No. of fields of spores, germination, 
Date of sampling sampled months % 
October 1954 13 1 91 
April 1955 13 7 90 
November 1955 22 5-13 61 
April 1956 29 10-20 53 
June 1956 15 12-22 40 
Discussion 


The present study demonstrates that spores of H. sativum survive for 
extended periods in soil. Moisture, however, was found to shorten the period 
over which they remain viable. In saturated soil viability dropped to 2% 
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in 9 months whereas in the same period no decline occurred in dry soil. _Inter- 
mediate moisture levels resulted in intermediate losses in viability. These 
results on the effect of soil moisture on spore survival are in accord with the 
findings of Christensen (2). 


The results of the seedling tests are in agreement with those of the flotation- 
viability test. Plants in saturated soil had a disease rating of 7% after 9 
months whereas those grown in soil that had been kept dry for 9 months still 
had a high rating of 27%. 

Germination tests on spores obtained directly from the field indicate that 
many spores retain their viability for more than a year under natural condi- 
tions. This has a bearing on cultural practice and rotational sequence on the 
farm. The results from field collections are open to some criticism inasmuch 
as the precise age of the spores is not known. However, the data are believed 
to indicate quite reliably the condition of spores in a field at any given time. 


It is realized that non-viable spores eventually decompose in the soil. Spore 
fragments are frequently observed, particularly in collections made late in the 
summerfallow year or the following spring. The data given in Table I do not 
take into consideration the probability that some spores decompose during the 
course of the experiment. Preliminary tests indicate, however, that spores 
generally persist in recognizable form for some months at least, after they are 
dead. 

The flotation-viability test has proved useful in assessing the effect of moist- 
ure on spore survival in soil under controlled conditions in the laboratory. It 
has likewise provided a method of determining the survival of spores under 
field conditions. The method is simple and a test can be completed in a day, 
whereas seedling tests require much more time and labor. In addition, using 
the flotation-viability test, conditions of soil, moisture, and indeed most of 
the factors which contribute to irregularity in results from seedling tests, can 
be standardized. 
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RESISTANCE TO VERTICILLIUM WILT IN F, GENERATIONS 
OF SELF-FERTILIZED SPECIES OF FRAGARIA! 


W. NEwTon? and M. C. J. VAN ADRICHEM?® 


Abstract 


The F, generation of selfed plants of Fragaria chiloensis, F. ovalis, and 
F. yukonensis contained seedlings resistant to the verticillium wilt disease. 
Selfed F. orientalis plants yielded seedlings that carried considerable tolerance 
but selfed F. vesca, F. bracteata, and F. virginiana plants yielded neither tolerant 
nor resistant seedlings. Asexually propagated plants of the seven species were 
all susceptible to the disease. 


Introduction 


The strawberry growers of British Columbia are greatly concerned over 
the recent increase in the incidence of verticillium wilt. A preliminary study 
of the disease has been reported by McKeen and Bosher (1). None of the 
commercial varieties now grown are resistant to the disease and its control 
by soil fumigants is likely to remain too costly for broad commercial applica- 
tion. Probably the best control lies in the development of wilt-resistant 
commercial varieties by plant breeders. The object of the present study is 
to provide plant breeders with parent material for use in the breeding of horti- 
cultural varieties that are resistant to verticillium wilt. A description fol- 
lows of the method employed in isolating resistant seedlings from natural 
species of Fragaria and a report is given of tolerance and resistance in the F; 
generation of four out of seven selfed species. A similar study of three species 
of Fragaria has been reported by Wilhelm (2). He found evidence of resist- 
ance to verticillium wilt in F. chiloensis from Bodega Bay, California, but 
none in F. virginiana and F. vesca. Our report is on F. vesca semperflorens 
var. Baron Solemacher, F. bracteata, F. orientalis, F. yukonensis, F. ovalis, 
F. virginiana, and F. chiloensis. 


Method of Isolating Resistant Seedlings 


Seed from selfed plants of each species was sown in soil flats. When the 
seedlings had developed three to six leaves, they were removed from the flats 
and washed in running water. The roots and crowns were then immersed 
in a suspension of spores for 24 hours. The spore suspension was prepared by 
macerating three 30-day-old 9-cm. Petri plate cultures in 300 ml. water. After 
inoculation the seedlings were replanted in autoclaved soil and a portion of the 
spore suspension was poured around each plant. To avoid significant varia- 
tion in the environment during the study, the seedlings were grown in a growth 
chamber at 50° to 60° F. under a battery of 40-w. fluorescent lights and a light 

1Manuscript received December 18, 1957. 

Contribution No. 1653 from the Botany and Plant Pathology Division, Science Service, 
Canada Department of Agriculture, Ottawa, Ontario. 


2Plant Pathology Laboratory, Saanichton, British Columbia. 
3Plant Pathology Laboratory, Saanichton, British Columbia. 
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exposure of 18 hours per day. Seedlings that showed symptoms of verticil- 
lium wilt after a growth period of 8 weeks were discarded. The symptoms 
consisted of yellowing and death of the outer leaves and occasionally black 
streaks on the leaf petioles. The normal seedlings were then dug, washed, 
and reinoculated as before, by immersion for 24 hours in a spore suspension, 
and replanted. After an additional 8-week growth period, seedlings that 
showed symptoms of verticillium wilt were discarded. This process was 
repeated for a third time and the seedlings that remained normal in appearance 
were classified as resistant. Those that failed to develop symptoms during the 
first two treatments but developed symptoms during the third 8-week growth 
period were classified as tolerant. The resistant seedlings were further screen- 
ed by plating sections from the base of the leaf petioles on lima bean agar 
after surface sterilization in a sodium hypochlorite solution. The seedlings 
were discarded that carried the fungus in the base of the petioles. A culture 
of Verticillium albo-atrum R. and B. derived from a British Sovereign straw- 
berry plant was used throughout as inoculum. It proved to be more patho- 
genic to strawberries than a wide collection of isolates from other plant species. 


Tolerance and Resistance in F, Generations 
All asexually propagated plants of the seven species proved to be susceptible 
to verticillium wilt but, as Table I shows, the F; generations of four species 
contained tolerant and resistant seedlings. 
TABLE I 


THE RESISTANCE OF THE F, GENERATIONS OF Fragaria SPECIES TO 
VERTICILLIUM WILT 





Number of plants 


Species Origin Tested Tolerant Resistant 
F. vesca Europe 50 0 0 
F. bracteata British Columbia 

(Vancouver Island) 85 0 0 
F. virginiana Ontario 49 0 0 
F. orientalis Asia 25 4 0 
F. yukonensis Yukon 50 3 3 
F. ovalis British Columbia 

(Vancouver Island) 100 6 11 
F. chiloensis Oregon Coast 40 3 8 

Discussion 


It is evident from the data in Table I that the genes of resistance to verticil- 
lium wilt are absent or scarce in F. vesca, F. bracteata, and F. virginiana. On 
the other hand, genes carrying tolerance and resistance appear to be present 
in F. chiloensis, F. ovalis, and F. yukonensis and in F. orientalis. Of these, 
F. chiloensis yielded the greatest percentage of resistant seedlings, but F. 
yukonensis and F. ovalis were also promising sources of resistant material. 
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Although F. orientalis yielded a high percentage of tolerant seedlings in the 
F, (seedlings symptomless after two inoculations), none were resistant or free 
from symptoms after the third inoculation. The final screening consisted of 
the removal of the seedlings that carried the fungus in the base of the petioles. 
Approximately one-third that remained symptomless during the periods fol- 
lowing the three inoculations carried the fungus; therefore, the presence of 
the fungus within the host is not necessarily a reflection of inadequate host 
resistance. 
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THE OCCURRENCE OF INORGANIC ELEMENTS IN 
MARINE ALGAE OF THE ATLANTIC PROVINCES OF CANADA! 


E. GoRDON YOUNG AND W. M. LANGILLE 


Abstract 


Specimens of numerous marine species of the green, red, and brown algae from 
the Atlantic coast of Canada have been analyzed for total ash, Na, K, Ca, and Si, 
and the trace elements, As, Co, Cu, F, I, Mn, Mo, Ni, Pb, and Zn. Figures for 
fluorine in seaweeds are recorded for the first time. Thorough washing with tap 
water lowered the content of the ash, Na, K, and Si, but did not affect apprecia- 
bly the concentrations of other elements. 

Accumulation from the sea water was apparent in greatly varying degrees 
in the following ascending order: F, Mo, Co, Cu, As, Ni, Mn, Zn, I. The ranges 
in concentration observed were Na 1.6—-4.7, K 2.3-7.1, Ca 0.9-2.3, Si 0.5—2.0, as 
percentage of dry matter; I 20-2490, Zn 35-97, Mn 20-50, Cu 6-62, As 2~75, F 
2-22, Pb 0.8, Ni 0.3-2, Co 0.1-0.7, Mo 0.2-1.4 as p.p.m. 

No seasonal variation was detectable in the concentration of trace elements 
in Chondrus crispus. Differences in concentration were observed between frond 
and stipe in two species of Laminaria. 


Introduction 


The presence of traces of many chemical elements in marine algae and in 
sea water has been recognized for some time (6, 13, 28). With the exception 
of the work of Black and Mitchell (6) observations have been fragmentary as 
to the elements and species examined. Cornec (12) carried out the first exten- 
sive qualitative spectrographic analysis of marine plants and found traces of 
Ag, As, Co, Cu, Mn, Ni, Zn, Bi, Sn, Ga, Mo, Au, Sb, Ge, Ti, W, and V. Webb 
(29) analyzed quantitatively for Na, K, Ca, Mg, Sr, Ba, B, Mn, Fe, Cu, and Pb 
in three algae, Ulva lactuca, Fucus serratus, and Saccorhiza bulbosa. Lagrange 
and Tchakirian (15) examined Lithothamnium qualitatively and Wilson and 
Fieldes (31) analyzed Macrocystis pyrifera quantitatively for trace elements. 
Oy (20) determined Fe, Cu, Mn, and B in several species of the Phaeophyceae. 
Other fragmentary observations have been collated by Vinogradov (28). 

Our knowledge of the content of inorganic constituents in the marine algae 
of Canada is limited to potassium in 10 and iodine in numerous species (8, 10, 
11); calcium, phosphorus, and iron in a representative list of algae in the 
Maritime Provinces (16); and copper, iron, phosphorus, and zinc in Macrocystis 
and Nereocystis in British Columbia (32). A more systematic investigation of 
the inorganic constituents of the algae of the Eastern coast was therefore 
undertaken. The concentrations of arsenic and fluorine are of special import- 
ance in those algae which are used commercially. 

‘Manuscript received January 3, 1958. 

Contribution from the Atlantic Regional Laboratory, National Research Council, Halifax, 
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Experimental 


Collection and Preparation of Material 

Specimens of most species were obtained from the southwestern shores of 
Nova Scotia over several years. They included the commoner forms in the 
three major classes which occur in this area. They were usually collected in 
July or December as representative of the metabolic state in summer and in 
winter. Specimens of Chondrus crispus were collected monthly at Paddy's 
Head, N.S., and Fucus evanescens at St. Andrew’s, N.B., to detect any seasonal 
variation in trace elements. 

Specimens were cleaned, dried at room temperature for 24-48 hours, and 
comminuted in a Wiley mill to pass a sieve of 20 mesh. The residual moisture 
amounted to only about 10%. Each lot contained several plants collected 
from the same place at the same time. 


Methods of Analysis 

Moisture was determined by drying to constant weight in an oven at 105° C. 

The ash content was found by igniting an aliquot in a miuffle furnace at 
500° C. 

Silicon and phosphorus were estimated by the standard methods of the 
A.O.A.C. (19). An aliquot of 10 g. was required for silica and the acid extract 
of the ash was used for the volumetric estimation of phosphorus. 

Sodium, potassium, calcium, and magnesium were determined in a flame 
photometer on the filtrate after the precipitation of phosphate. 

After alkaline fusion of 2 g. of the original sample the aqueous extract was 
Litrated with 0.005 N thiosulphate for iodine (19). 

Iron was determined on a 10 g. aliquot after ashing with concentrated sul- 
phuric acid and extracting with hydrochloric acid. The thiocyanate method 
was used spectrophotometrically against a standard solution of ferrous am- 
monium sulphate (27). 

Manganese was estimated spectrophotometrically on a 5 g. aliquot after 
ashing with concentrated nitric acid and the development of color with per- 
iodate (19). 

Copper was analyzed by the method of Boulet and McFarlane (7). 

Cobalt, nickel, molybdenum, lead, and zinc were determined spectrogra- 
phically in an Applied Research Laboratories 1.5 meter grating spectrograph 
by the method of Mitchell (18) on an aliquot of 5 g. of the original sample. 
After the requisite manipulation, the sample was arced in graphite electrodes 
of high purity for 40 seconds at a current of 8 amp. and at 32% transmission. 
The line intensities were measured in a Projector-Comparator Densiometer 
(Applied Research Laboratories). The wave lengths used were Co, 3453.5 A; 
Ni, 3414.8 A; Zn, 3282.0 A; Mo, 3132.2 A; Pb, 2833.1 A. 

Arsenic was measured by the standard Gutzeit procedure on Hanford- 
Pratt strips compared to standards prepared with 2 and 5% mercuric bromide 
(19). Preliminary ashing was carried out by the Stryzowski procedure (1) 
on an aliquot of 0.5—2 g. of the original powder. 
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Fluorine was determined titrimetrically with thorium nitrate (19). Ashing 
was carried out as proposed by Remmert and Parks (22) and distillation and 
titration as modified by Rowley, Grier, and Parsons (23). The method re- 
quired about 5 g. of dried powder. 


Results 

Results 

The effect of initial thorough washing in running tap water on one badly 
contaminated lot of Ulva lactuca prior to drying is shown in Table I. It 
lowered the content of total ash, silicon, sodium, and potassium but had no 
appreciable effect on the other elements. Such washing removes traces of 
adherent sand and apparently leaches out soluble salts of the alkali metals. 
Under such circumstances washing was avoided although the values for silicon 
are undoubtedly too high. The failure of washing to remove trace elements 
confirms the observation of Black and Mitchell (6) and suggests fixation prob- 
ably as insoluble salts of acidic polysaccharide or protein. 


TABLE I 
EFFECT OF WASHING ON THE CHEMICAL COMPOSITION OF 
Ulva lactuca 


Mineral Unwashed Washed 
oi 
Total ash 20.67 9.85 
Silicon 4.09 2.09 
Sodium 3.11 0.71 
Potassium 1.68 0.48 
Calcium 0.63 0.53 
p.p.m. 

Cobalt = . on 
Molybdenum 0.38 0.30 
Zinc 39.3 on.3 
Copper 81.5 117.3 
lodine 70 60 


The distribution of inorganic constituents in 11 species of green, brown, and 
red algae is shown in Table Il. Since no characteristic seasonal variation in 
the trace elements was observed, these figures are comparable. The con- 
centration of elements in sea water of the area of collection is also listed in 
Table II (33). The trace elements are expressed as parts per million of dry 
matter (mg. per kg.) in the plant and p.p.m. X 10* in the sea water. Since 
the average moisture content of these seaweeds is about 80% (8), the con- 
centration in the native plant will be one-fifth of the figures in the table. On 
this basis it is apparent that the content of sodium is lower in the plant than 
in the sea water, that of potassium higher by 10 to 40 times and calcium 0 to 
10 times. 
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The factor of concentration in the native plant as calculated from Table II 
is shown in Table III. Fluorine is not accumulated. The factor for molyb- 
denum is comparatively low. Iodine is most strikingly accumulated, es- 
pecially in species of Laminaria. The power of concentration in the plant of 
the other elements is approximately 100- to 6000-fold. 


TABLE III 


RATIO OF CONCENTRATIONS IN SEAWEED TO SEA WATER IN VICINITY 








Concentration in: 
- - —- Ratio of 


Element Sea water* Native plant concentrations 
p.p.m. 
F ‘3 1 - 3 1 
Mo 0.010 0.1 - 0.3 10 - 30 
Co 0.0005 0.02- 0.1 40 - 200 
Cu 0.020 1 - 12 50 - 600 
As 0.002 0.4 - 12 200 — 6,000 
Ni 0.0005T 0.06- 0.4 100 — 1,000 
Mn 0.003t 4 - 10 1,000 — 2,500 
Zn 0.007 7 - 20 1,000 3,000 
I 0.008 4 500 500 — 60,000 
italic as - ee ee a 

Na 0.87 0.32 - 0.94 1 or less 
Ca 0.038 0.05 0.48 1-12 
< 0.043 0.46- 1.42 10 — 30 





*Young and Langille (33). 
tHarvey (13). 


Total ash.—Figures for the content of total ash are in agreement with those 
previously found by Butler (8) with due regard to seasonal variation and are 
not recorded in full here. 

Silicon.—The level of silicon was usually 0.05 to 0.20% in the species 
examined except in Ulva lactuca where it attained 1 to 2% in carefully cleaned 
fronds. 

Sodium, potassium, and calcium.—The level of sodium is relatively constant 
at 2.5 to 3.5% for all species and shows no difference between classes. The 
concentration of potassium is somewhat higher than that of sodium in about 
half of the species examined. It is notably high only in Rhodymenia. The 
variation in calcium is somewhat wider but this shows no characteristic rela- 
tion toclass. The concentrations listed in Tabie II are in essential agreement 
with those found by Oy (21) for Norwegian seaweeds but lower than the levels 
recorded by Macpherson and Young (16) for species from Eastern Canada. 

Trace metallic elements.—Zinc was present in largest amount and may attain 
a concentration of 0.01% of the dry matter. Manganese and copper occurred 
at slightly lower levels. The concentration of copper appears to be highest in 
the Chlorophyceae, and lowest in the Phaeophyceae, but the number of species 
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examined is small for such a generalization. Occasionally copper was found in 
exceptionally large amounts of about 100 p.p.m. in Ulva and Laminaria. 
Nickel, cobalt, and molybdenum were present in about equal amounts in all 
classes. The relatively high figure for cobalt in Phyllophora is notable. 

In general the order of magnitude of these metallic elements in the seaweeds 
of the Eastern Canadian coast corresponds with those of the Western Canadian 
coast (32) and of Scotland (6). The level of zinc in Nereocystis of the Pacific 
coast is much higher than in the Laminariales of the Atlantic coast. 

Lead.—Only two estimations of lead were made. Chondrus crispus exhibited 
a concentration of about 8 p.p.m., which is of the same order of magnitude as in 
the Phaeophyceae of Scotland (6). 

Arsenic.—Like iodine, arsenic is markedly accumulated from the environ- 
ment, especially by brown seaweeds. Few analyses of arsenic in algae have 
been made. Jones (14) analyzed 11 species and observed a range from 5 p.p.m. 
for Chondrus to 94 for Laminaria. Williams and Whetstone (30) found a 
variation of 1-12 p.p.m. In addition to the species in Table II the following 
have been analyzed. 


Chlorophyceae: Spongomor pha arcta 8 p.p.m. 
Chladophora rupestris 9 * 
Chaetomorpha melagonium 5 “ 

Rhodophyceae: Gigartina stellata _— 


Gelidium cartilageneum 5 

Gracilaria confervoides 8 

Ceramium rubrum - > 
Phaeophyceae: Fucus evanescens 30-75 
No seasonal variation was observed in F. evanescens, which was analyzed 
monthly for 15 successive months. In general it may be concluded with 
Williams and Whetstone (30) that the range of concentration in most sea- 
weeds is from 4 to 15 p.p.m. excepting in species of the Phaeophyceae, which 
range from 30 to 70 p.p.m. 

Iodine.—The level of iodine shown in Table II varies greatly and appears to 
indicate a difference with class. The Chlorophyceae are lowest and the 
Phaeophyceae are highest. The Laminariales show the greatest amounts 
and this is confirmatory of the generalization of Black (2, 3, 4) that the con- 
centration is directly proportional to depth of immersion. Our results are in 
good agreement with those of Cameron (10, 11) for Canadian seaweeds. 

Fluorine.—As shown in Table III no accumulation of fluorine in the species 
examined is indicated. The concentration in p.p.m. of dry matter in Chondrus 
from three localities was 5 (N.S.), 15 (P.E.I.), and 73 (Mass.). Other species 
of the Rhodophyceae examined exhibited the following concentrations: Graci- 
laria confervoides 2.0, Halosaccion ramentaceum 8.2, Gigartina pistellata 19.6, 
Gigartina acicularis 22.3 as p.p.m. It may be concluded that in the dry plant 
fluorine occurs in amounts of 2 to 15 p.p.m. The authors are not aware of 
any previous determinations of fluorine in seaweeds. 


~ 
— 
ef) 


AE 


¥ 


AND LANGILLE: MARINE ALC 


YOUN(C 

















OSII ZI £S L°0 L0°0 Pll 0L°Z 07 SL°€Z ads 

OOL oF L8 O1< ITO OL T oe | 9L°Z OF eT puoi 
SUANANBUO] “'T 

Orgel Z CF 07 oF 9° 0 zs 0 09° Pe < £8°8 F192 adns 

OOLF i cs lL 6! S10 ol'0 6¢ I L19'¢ 68'S 06° £Z puoly 
DIDaIp “7 

‘urdd Y, satoadg 
I | sV nd UZ OW 0) 70) EN M Yysy 
DUDUIUD'T AO AILS GNV GNOWA AO NOLLISOdWOD JINVOAYONI AO NOSTAVdWOD) 
A ATAV.L 

Ost SI cel 6L°0 77-0 $90 66°0 re zoe 6¢ £2 Judy 
OFZ $2 9 9¢ 0 Ig 0 LL°0 901 09°: (4 ae > 9f FZ _ Quen 
097 (as 89 $9'0 ze 0 7L°0 901 L$ ¢ 10°F OF SZ AdeNAGS 
OO tI LS It O0 670 os 0 os I cs'¢ cs $6 SZ Asenuef 
or’ tI S6 orl FeO 6s 0 3 09'¢ 98 '¢ bP SZ J9qW9I9(| 
OST ce 8L 66°0 ze'0 Ig 0 LS’ I ere gee PI ¥Z Jaq W9A0 N 
oor 1Z Le LS°0 of 0 os 0 ve 2 os: 19°Z 88°12 ysnsny 
org tI cs OL°0 67 0 6s 0 960 69° 86° 7 87 £7 Ajn{ 

*ur'd'd Y, yuo 

I ny uZ oW 0) °O%d e) eN M Ys 
sndst42 SNAPUuOYD AO SLNANLILSNOD DJINVOAONI AO NOLLVIAVA ‘IVNOSVAS 
Al HTAV.L 
an s#see HLS SLeBe BessesEd 
a sok O es ¢ ey = oF Vo 5 2 a oe me aS = OBA SS wy 








308 CANADIAN JOURNAL OF BOTANY. VOL. 36, 1958 


Seasonal Variation 

The seasonal variation in the composition of some marine algae, mostly 
brown, has been determined previously both on the East coast (9, 17) and on 
the West coast of Canada (32). The inorganic constituents of Chondrus 
crispus were analyzed monthly, however, to determine whether variation was 
related to season. The results are shown in Table IV.. Such a variation is 
apparent in the total ash and potassium, which are highest in the winter 
months and lowest in summer. No such seasonal variation is apparent in 
other inorganic constituents determined. This finding is in agreement with 
that of Wort (32) for Cu, Fe, and Zn in Macrocystis and Nereocystis. 

Monthly estimations of arsenic in Fucus evanescans from August, 1949, to 
October, 1950, varied from 30 to 70 p.p.m. but with no relation to season. 


Comparison of Frond and Stipe 

Previous observations have shown differences in the concentration of organic 
compounds between the frond and stipe of several species of the Laminariales 
(5, 32). That this may also be true of inorganic constituents was suggested 
less conclusively. The total ash was higher in the stipe of L. digitata and this 
also applied to the trace elements according to Black and Mitchell (6). How- 
ever Wort (32) found Cu, Fe, and Zn to be higher in the fronds of M. integ- 
rifolia and N. leutkeana. We have made similar comparisons of fronds and 
stipes of L. digitata and L. longicruris as shown in Table V. These analyses 
indicate higher concentrations of ash, K, Na, and Ca in the stipe of both species. 
Trace metallic elements were also higher in the stipe of L. digitata but not of 
L. longicruris. This phenomenon requires further investigation. 


Discussion 


The ionic equilibria between sodium and potassium in Ulva lactuca and the 
surrounding sea water have been carefully studied (25), and special functions 
of potassium are recognized. Although diseases due to mineral deficiencies 
are well recognized in higher plants, the function, if any, of most trace elements 
in algae is unknown (26). Some, such as Cu, Mn, Mo, and Zn, are suspected 
of participation in enzymic systems but the presence of most is readily ex- 
plained by the action of insoluble acidic polysaccharides, such as alginic acid, 
agar, fucoidin, and carrageenin, as ion-exchangers. 

The notable fixation of metallic elements may be fortuitous in its relation 
to the concentration in the environment; it may indicate specific functions 
as yet unknown; or it may be dependent upon fixation of carbon dioxide and 
rate of photosynthesis as has been shown in the case of caesium" for several 
algal species (24). 

More careful work is required on the cultivation of algae in synthetic media 
to determine which elements are essential to the nutrition of these plants. 
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STUDIES ON FUSARIUM WILT OF BANANAS 


Il. SOME FACTORS INFLUENCING SURVIVAL AND SAPROPHYTIC 
MULTIPLICATION OF F. OXYSPORUM f. CUBENSE IN SOIL! 


R. H. STOVER 


Abstract 


The effect of 1% glutamic acid, banana sap, water, and carbon dioxide on 
multiplication (sporulation) of Fusarium oxysporum f. cubense (E.F.S.) Sny. 
and Hans. in infested soil was studied under laboratory conditions. Increases 
in population were determined by microscopic examination and dilution plating 
on peptone dextrose agar containing rose bengal and streptomycin. Amount of 
fungus multiplication varied among different soils, samples from the same soil, 
and different experiments. This is attributed to unknown variables influencing 
multiplication and survival in soil microhabitats. 

Carbon dioxide stimulated multiplication of the fungus in aqueous soil extracts 
and in soil amended with 1% glutamic acid or banana sap, and sometimes in 
soils moistened with water. Initially low and high population increases in 
control soil in air required 42 hours’ exposure in an atmosphere containing 4 to 
25% and 8 to 25% carbon dioxide, respectively, for optimum multiplication. 
In some instances, multiplication was stimulated as a result of 8 hours’ exposure 
to 4% carbon dioxide in air, and amount of stimulation increased with longer 
exposures up to 24 or 42 hours. Oxygen did not consistently limit multiplica- 
tion in soil plates at a concentration of about 4% in nitrogen cont uining 4% 
carbon dioxide. Differences in amount of multiplication between a series of 
acid loams or sandy loams and alkaline clay loams were, in general, more con- 
sistent in air enriched with carbon dioxide than in air. Multiplication was 
greater in soil previously flood fallowed and in soil subjected to anaerobiosis than 
in non-flood fallowed soil. 

The above evidence supports the thesis that F. oxysporum f. cubense can 
multiply saprophytically in soil. 


Introduction 


Factors known to affect multiplication (sporulation) and survival of 
Fusarium and other fungi in soil are temperature, texture, pH, moisture, 
organic matter, oxygen, and carbon dioxide (8, 16, 20, 21, 28). In addition, 
an external source of nutrient is necessary for multiplication of Fusarium in 
soil (29). Multiplication is dependent on amount of survival and both pro- 
cesses are intimately linked although they involve such diverse physiological 
states as germination and dormancy. In this paper multiplication will refer 
to a rising population curve for a stated time, where sporulation is in excess 
of dormancy and mortality. Survival will refer to a falling population curve 
where dormancy and mortality are in excess of multiplication. Of the soil 
factors affecting fungus multiplication and survival, carbon dioxide and oxygen 
have been studied the least using a natural soil substrate. 

Golding (9-12), in a series of papers on gas requirements of molds from 
cheese, gives a general review of the early literature including studies on use 
of concentrations of carbon dioxide from 20 to 50% to inhibit mold growth 
on foods. He found Penicillium roqueforti tolerant of carbon dioxide at 
concentrations up to 75% in air at 85° F. At lower temperatures, such a high 


'1Manuscript received September 17, 1957. 
Contribution from the Division of Tropical Research, United Fruit Co., La Lima, Honduras. 
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concentration of carbon dioxide was inhibitory to growth. With oxygen, 
growth inhibition was not present until concentrations of less than 4.2% oxygen 
in air were obtained. Further studies (12) showed that inhibition of fungi by 
carbon dioxide was in proportion to the solubility of carbon dioxide in the 
medium and not to composition of gas above the medium. In addition, the 
inhibiting effect of reduced oxygen was in proportion to its solubility and not 
directly in proportion to gas concentration above the medium or mycelium. 
No appreciable effect was noted on six cultures used until oxygen was below 
0.8 volume soluble in 1000 volumes of water. Therefore, the amount of 
dissolved oxygen required for normal growth was exceedingly low (17). 
Chapin (3) in 1902 found that Mucor, Aspergillus, and Penicillium species 
germinated in concentrations of 60% carbon dioxide in air. Sporulation 
occurred in carbon dioxide concentrations from 10 to 40% in air. In 1922, 
Brown (2) showed that Botrytis, Fusarium, and Alternaria species were not 
inhibited until a concentration of 5% oxygen in air was reached. He worked 
with carbon dioxide levels above 10% in air and considered only inhibitory 
aspects of carbon dioxide. Levels of carbon dioxide above 40% in air were 
required to inhibit germination of 11 fungi in nutrient solution, whereas con- 
centrations of from 20 to 30% caused inhibition in water. The retarding 
effects of carbon dioxide were greater at low temperatures, and with small 
energy of growth. Platz (19) and co-workers found that Ustilago zeae germina- 
tion was not inhibited by concentrations of 5% oxygen in air, and 15% carbon 
dioxide in air was optimum for germination. Lundegardh (16) in 1923 studied 
the effect of carbon dioxide on each of: cereal plant growth, growth of Fusar- 
ium spp. in sterile soil, and amount of seedling disease in infested sterile soil. 
Growth of Fusarium spp. and cereal seedling disease were stimulated at con- 
centrations of from 2 to 7% carbon dioxide although seedling growth (germina- 
tion, coleoptile, and root length) was retarded. Durrell (4) showed that 
stimulation of germination of Basisporium gallarum in water by plant tissue 
adjacent but not in contact with the water was attributable to the carbon 
dioxide evolved in the plant’s respiration. Rippel and Bortels (22) in 1927 
studied germination and growth of Aspergillus niger in air with and without 
carbon dioxide, and found that germination was poor in the latter. They 
concluded that carbon dioxide is an essential constituent for optimum cell 
growth. Rippel and Heilman (23) ascertained the effects of exposure time to 
carbon dioxide, pH of media, nutrition, and carbon dioxide concentration on 
growth of several fungi. They found that carbon dioxide effects at concentra- 
tions up to 1.2% in air were no longer present after 56 hours’ exposure. A 
nutrient response curve was obtained by increasing carbon dioxide concentra- 
tion from 0 to 1.2%. Although they were not able to demonstrate any effect 
of carbon dioxide on swelling of inert organic substances, they believed that 
carbon dioxide was involved in protoplasmic swelling. It remained for Foster 
and co-workers (7) in 1941, using radioisotope techniques, to show that carbon 
dioxide is assimilated by fungi. 
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Effect of varied levels of oxygen and carbon dioxide on growth of Ophiobolus 
graminis in pure culture was studied by Fellows (6). There was no reduction 
in growth until oxygen content of air was below 6%. At 18% carbon dioxide 
in air growth was only about one-half of the growth in air. Fellows’ data 
indicated that O. graminis would tolerate concentrations of carbon dioxide 
ordinarily found in soil. Earlier, however, Garrett (8) had hypothesized that 
greater growth of O. graminis along roots in alkaline than in acid soil was a 
result of greater carbon dioxide accumulation in the latter than in the former. 
Phymatotrichum omnivorum growth was slightly affected by low levels of oxygen 
and 25% carbon dioxide (18). Timonin, Bisby, and James (1, 33) found that 
Trichoderma and species of Cylindrocarpon, Fusarium, Verticillium, Alternaria, 
and Mucorales grew well on soil dilution plates incubated in an atmosphere of 
carbon dioxide. The greatest percentage of fungi growing anaerobically in 
carbon dioxide was obtained from the lower soil horizons. Blastocladia 
formed mature sporangia in 99.5% carbon dioxide, and was not affected by a 
partial pressure of oxygen of less than 1 mm. of mercury (5). Hollis (14) 
concluded from pure culture studies that growth of F. oxysporum and F. 
eumartit (F. solani) were not greatly affected by less than 48% carbon dioxide 
in the soil atmosphere. Also, oxygen levels of about 6% were not limiting 
to growth of these species. Recently, Wood-Baker (34) found that four 
mucoraceous molds had germination percentages of from 20 to 65%, depending 
on the species, in 2% oxygen in nitrogen. There was slight or no germination 
in the absence of oxygen. 

The above data show that in general many fungi are tolerant of, or are 
stimulated by, concentrations of carbon dioxide considerably higher than those 
present in air or soil, and are not seriously affected by concentrations of 
oxygen as low as 5%. The data of Golding (12) on importance of solubility 
of carbon dioxide in media or mycelium rather than the concentration in air 
could be of great importance in different soil substrates. With the exception 
of work by Lundegardh (16), who used sterile soil, there are no data on effect 
of oxygen and carbon dioxide on Fusarium multiplication in soil. Investiga- 
tions were undertaken, therefore, using non-sterile soil, and results are 
reported in this paper along with studies on other factors that modify Fusarium 
survival and multiplication. 


Material and Methods 


The soils used and the soil plate technique have been described (29). In 
addition to the soil plate technique, nutrients were added to glass tumblers 
containing 225 cc. of screened non-sterile soil with 1-3 g. of corn meal-in-sand 
inoculum added to give a concentration of 10,000-30,000 spores per gram of 
soil. All infested soils were 15-20% saturated with water (27). Corn meal- 
in-sand cultures of F. oxysporum {. cubense were from 3 to 12 weeks old, and 
consisted mostly of microconidia and a few chlamydospores. Hereafter, 
Fusarium will refer to this fungus. Nutrients used for moistening soils were: 
fresh sap extruded from cut banana pseudostems (var. Gros Michel), 1% 
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L-glutamic acid solution, and occasionally a 1% dextrose solution. About 
42 hours after addition of nutrient, Fusarium populations were recorded by the 
soil dilution plate technique using peptone dextrose agar (29). Substantial 
increases in colony counts in soils amended with nutrients when compared 
with non-amended controls were considered evidence of Fusarium multiplica- 
tion. All experiments were carried out at room temperature of 21°-27° C. 
The effects of carbon dioxide and oxygen on multiplication and survival 
were studied mostly using soil plates moistened with glutamic acid. The 
plates were placed in widemouth jars of 10 liter capacity, and the gas mixture 
was transferred to the jar using a modification of the technique (Fig. 1) 
described by Shippy (26). Gas analyses with an Orsat apparatus showed that 
this technique was accurate within 5-10% of the gas concentration desired. 
No attempt was made to follow changes in gas concentrations during the 42 
hours that the soil plates were in the gas jars. The initial Fusarium popula- 
tions in gas studies were from 35,000 to 50,000 colonies per gram of loam and 
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Fic. 1. Method of measuring and transferring gas mixtures by displacement of water. 
Airline clamp 5 and waterline clamps 2 and 3 are opened. The water tap (F) is turned on 
and water enters container E by the short tube connection displacing air by the long tube 
connection until the required volume of air is obtained (10 liters in the dis igram). Clamp 3 
is closed and clamps 4, 6, and 7 opened. Water is forced into container D from the tap (F) 
until all the air is displ: iced by water except 500 cc. which cannot be displaced without 
clogging the air tube. Clamp 6 is closed and the water line at clamp 4 broken and the 
tube raised to a level at the side of container D and held in place by an elastic band. The 
level corresponds to the volume of carbon dioxide or other gas to be placed in container D. 
Clamp 8 is opened and carbon dioxide allowed to enter D from cylinder C displacing the 
water which flows out the raised water tube, until the required volume and equilibrium are 
obtained. The displaced water flows down the side of the container toa sink board. The 
raised water tube is lowered to the desired volume mark of air to be admitted from con- 
tainer E to D. Clamps 4 and 5 are closed and clamps 6 and 2 opened. Water is forced 
into container E from tap F displacing the air into D after which clamps 6 and 7 are closed. 
The air in container B is evacuated with a vacuum pump via clamp 10 which is then closed. 
Clamp 2 is closed and clamps 3, 4, 5, 7, and 9 are opened allowing the gas mixture in D to 
flow into container B. At the same time the water from E flows into D displacing all but 
about 500 cc. of the mixture. Clamp 9 is closed when equilibrium is reached. Container 
A is evacuated; then air is admitted, and the container closed to serve as a check. An 
alternative and perhaps more accurate procedure would be to use smaller containers A and 
B or larger measuring bottles D and E, permitting the gas mixture to flow into and out 
of the evacuated culture containers until equilibrium was established. 
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from 25,000 to 40,000 colonies per gram of sandy loam. The effect of carbon 
dioxide concentration in air on Fusarium multiplication in soil was studied in 
two series of experiments, each requiring about 10 days to complete three 
replications. In the first series the initial population, resulting from multi- 
plication in soil moistened with glutamic acid in air, was relatively low, 
averaging 65,000 for loam and 48,000 for sandy loam. In the second series, 
using the same soil source but different samples, and a fresh inocula source, 
the initial population averaged 342,000 for loam and 236,000 for sandy loam. 
Thus the two series are designated low and high initial Fusarium populations 
with reference to results obtained from the same experimental materials sub- 
jected to different concentrations of carbon dioxide. 


Results 


Variation in Multiplication and in Survival 


Amount of multiplication in soil, as indicated by visible sporulation or by 
an increase in colony counts on soil dilution plates, varied greatly among 
experiments, replicates, and soil samples taken from the same location over 
a period of 6 months. Thus a large number of replicates were required to 
measure statistically significant differences between treatments or soils. 

In general, populations were from two to five times greater with fresh banana 
sap as a source of nutrient for moistening soils than with solutions of glutamic 
acid or dextrose. There was no correlation between amounts of multiplication 
measured by scoring sporulation observed microscopically, when soil moistened 
with nutrient was spread out in culture dishes, and that recorded by soil 
dilution plates. Frequently, sporulation was rarely observed microscopically, 
but had occurred as indicated by a substantial increase in colony counts on 
soil dilution plates. Failure to detect sporulation microscopically might be 
attributed to the small amount of hyphae required to produce numerous micro- 
conidia (29). A microconidium can produce several clusters of from three to 
six microconidia on a short germ tube. These are readily dislodged by soil 
water, and hidden among soil particles. Also, spore germination and sporula- 
tion often occurred in contact with soil particles and infrequently in open soil 
spaces making microscopic detection difficult. 

One of the factors contributing to variation in amount of multiplication 
between experiments was variability in survival in different soils between time 
of adding inoculum to the soil and making soil plates. The rate of decline of 
Fusarium populations, when measured over a period of minutes rather than 
days, sometimes varied greatly between different soil samples, and within 
the same samples used at different times. The greatest and most consistent 
differences, however, were observed in soils of different moisture content. 
Thus populations declined more rapidly when added to air-dry soil, which 
was moistened immediately after addition of spores, than to soils 15-25% 
saturated with water (Table I). These rapid changes in Fusarium popu- 
lations could only be followed accurately with the soil dilution plate technique 
when populations were above 3000-5000 and preferably between 30,000 and 
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TABLE I 


SURVIVAL OF F. oxysporum {. cubense SPORES IN AIR-DRY AND MOIST 
SOILS UP TO 120 MINUTES AFTER CONTACTING 
THE SOIL 








Fusarium colonies per plate* 
Minutes after addition —————__—____—_ ——— 


of spores to soil Air-dry soilt Moist soilt 
5 3.8 38.7 
30 0.3 23.4 
60 0.4 12.9 
120 0.2 8.0 





*Colonies per plate containing 1 ml. of a 1: 1000 dilution corrected 
) Ss per p g 
for soil moisture. 

tClay loam, 15-25% saturated, pH 7.3, one portion of which was 
air-dried. 


90,000 spores per gram of soil. It was concluded that soil moisture content, 
spore population, and time between infesting soil and making soil plates 
should be standardized when a series of comparable experiments are made 
at different times. 


Multiplication in Soil in Glass Tumblers 

Environmental conditions in the thin layer of soil used in the soil plate 
technique (29) do not represent conditions in nature. Therefore, to approxi- 
mate more closely conditions in nature, Fusarium-infested sandy loam, 15-20% 
saturated with water, was placed in glass tumblers. The soil was then further 
moistened with fresh banana sap or water to approximately 75% saturation 
and, after about 42 hours, 10 g. samples were removed from different depths 
in the tumbler and plated. The results (Table II) indicate that Fusarium 
in a soil mass moistened with a nutrient such as banana sap maintains a 
higher average population during the duration of the experiment than in soils 
moistened with water only. Microscopic examination of similar soils using 


TABLE II 


VARIATION IN AMOUNT OF MULTIPLICATION OF F. oxysporum f. cubense IN TUMBLERS OF 
SANDY LOAM MOISTENED WITH WATER AND BANANA SAP 








Experiment No.* 


Depth of Soils 1 2 3 4 5 6 
soil samples, moistened  ————————————___—_—_ — nn 
in. with: Average number colonies per ml. of 1: 10,000 dilution of soil platet 
4 Water 0.4+0.1 0.5+0.7 1.7+0.2 3.4+0.8 2.7+0.4 4.7+0.8 
Banana sap 2.0+0.2 2.6+0.7 4.6+0.9 14.7+2.5 6.6+2.6 20.1+6.4 
4 Water 1.9+1.0 0.4+0.7 1.8+0.8 3.7+0.5 1.9+0.1 6.9+2.1 
Banana sap 3.52%.:5 37 .44+3.8 6.0+3.6 9.51.2 9.44+5.3 18.64+1.7 
1 Water 0.2+0.1 0.5+0.1 2.0+0.2 6.241.2 2.340.7 §.0+0.5 
Banana sap 6.3+3.0 29.4+5.0 3.141.4 §.321.9 9.4+3.0 §.2+0.9 





*Because of unknown variables in soil, the results between experiments performed at different times are not 
strictly comparable. — . : 
tOn an air-dry basis; replicated four times. 
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TABLE III 


EFFECT OF CARBON DIOXIDE ON MULTIPLICATION OF F, oxysporum f. cubense 
IN LOAM SOIL IN GLASS TUMBLERS 








Depth of soil sampled, inches 











3 } 1 
Soil moistened 

with: % COs Colonies per ml. of 1:10,000 dilution* 
Water 0.03t 1.5 1.6 LS 
2 ae 2.4 3.4 
8 6.6 3.5 2.8 
Banana sap 0.03+ 3.2 10.5 4.2 
2 30.7 28.6 3.2 
8 32.8 35.9 16.0 





*On an air-dry basis; results of three experiments are averaged. 

tCheck samples in normal air. 
the soil plate technique showed that this could be attributed to sporulation 
by the fungus. Even when the same soil and procedure were used in all 
experiments, the amount of sporulation varied greatly between experiments. 
In addition, there was considerable variation in amount of multiplication in 
samples taken from various depths. When the same experiments were under- 
taken in air enriched with carbon dioxide (Table III), multiplication was 
consistently greater than in normal air and there was, in general, less variation 
between samples. 
Effect of Carbon Dioxide Concentration in Air on Multiplication in Soil 

The effect of different carbon dioxide concentrations on Fusarium multi- 
plication during 42 hours’ exposure is shown in Fig. 2. In the series of experi- 
ments where the amount of multiplication in soil moistened with glutamic 
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Fic. 2. Effect of concentration of carbon dioxide in air on amount of multiplication 
of F. oxysporum f. cubense in soil plates moistened with 1% glutamic acid. 
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acid in air was high, the optimum carbon dioxide concentration was from about 
8 to 25%. Where the amount of multiplication in air resulted in a lower 
population, the optimum concentration was from about 4 to 25%. There was 
no apparent reduction in amount of multiplication at concentrations up to 25% 
carbon dioxide in air. In experiments not shown, a concentration of 50% 
carbon dioxide in air reduced multiplication to about one-half of that at 25%. 
In many experiments with from 4 to 16% concentrations of carbon dioxide in 
air, multiplication often occurred in soils moistened with water alone. 

The effect of carbon dioxide concentrations of 8 and 16% in air on soil pH 
in soil plates was determined immediately when the gas mixture jars were 
opened after 42 hours’ exposure (Table IV). There was only a slight lowering 
of soil pH, the most change occurring in soils moistened with water only. 

The influence of duration of exposure to 4% carbon dioxide in air on 
Fusarium multiplication was studied in a series of six experiments. Soil 
plates were prepared from sandy loam and moistened with water or 1% glu- 
tamic acid. After they were exposed to 4% carbon dioxide for a prescribed 
time, incubation was completed in air until a total of 42 hours had elapsed 
from the beginning of the experiment. Dilution plates were then prepared 
for colony counting. In one-half of the experiments, multiplication was 
stimulated as a result of 8 hours’ exposure to 4% carbon dioxide but not with 
4 hours’ exposure. Amount of stimulation increased as exposure time to 
carbon dioxide was increased from 8 to 16, 24, and 42 hours. In three out of 
six experiments, stimulation of multiplication after 16 to 42 hours’ exposure to 
carbon dioxide was evident in soil plates moistened with water only in addition 
to those moistened with 1% glutamic acid. 

The effect of carbon dioxide on Fusarium multiplication in aqueous soil 
extracts was studied. Soil extracts were prepared by adding 1000 cc. of 
clay loam (pH 7.8) to 1000 ml. of distilled water, shaking the mixture for 5 


TABLE IV 


EFFECT OF 42 HOURS’ EXPOSURE TO DIFFERENT CONCENTRATIONS OF 
CARBON DIOXIDE ON SOIL pH IN SOIL PLATES 














Soil moistened PH of soil 
with: Type of soil © carbon dioxide in soil plates 
Water Loam 0.03* 8.0-8.1 
8.0 7.6 
16.0 13 
Sandy loam 0.03* 6.6-6.8 
8.0 6.5 
16.0 6.6 
Glutamic acid Loam 0.03* 8.1-8.4 
8.0 8.0-8.1 
16.0 7.8-7.9 
Sandy loam 0.03* 7.0-7.2 
8.0 7.0-7.1 
16.0 6.9-7.0 





*Check samples in normal air. 








STOVER: FUSARIUM WILT OF BANANAS. II 319 


minutes, and filtering it until clear. A suspension of Fusarium spores was 
added to 5 ml. of the soil extract and to distilled water in Petri plates. The 
plates were then placed in jars containing air and air enriched with 4% carbon 
dioxide. The plates were examined microscopically and the pH measured 
after 24hours. In distilled water (pH 6.6) there was little or no spore germina- 
tion with or without carbon dioxide, whereas germination was abundant in the 
soil extract. Germ tube and over-all hyphal growth was 10-15 times greater, 
however, in the soil extract (pH 8.0) exposed to 4% carbon dioxide in air than 
in soil extracts (pH 8.2) inair. Also, only a trace or no sporulation occurred in 
soil extract exposed to air contrasted with abundant sporulation when the 
extract was exposed to air containing 4% carbon dioxide. These studies 
indicate that Fusarium spores present in nature in the soil solution surrounded 
by an atmosphere rich in carbon dioxide for 24 hours might germinate and 
sporulate. 

Anaerobic conditions are present in flood fallowed soil below the surface 
1—2 in., and Fusarium spores from the aerobic surface soil probably enter the 
former anaerobic portion with soil cracking upon drying after a flood fallow 
lake is drained. A series of experiments were performed using the soil plate 
technique, and soils subjected to 40 days of anaerobiosis under alkaline pyro- 
gallol. Also, portions of the soils were steam sterilized in an autoclave to 
compare effects of complete sterilization with partial disinfection due to 
anaerobiosis. After subjecting the soils to treatment, soil plates were prepared, 
moistened with glutamic acid, and placed in two different atmospheres of 
carbon dioxide for 42 hours. The soil plates were then examined micro- 
scopically for sporulation, and multiplication was measured by dilution plating 
(Table V). The results show that multiplication is greater as a result of 
previous anaerobiosis. In general, greater populations were obtained in 
soils subjected to steam sterilization than to anaerobiosis. 

TABLE V 
EFFECT OF CARBON DIOXIDE, SOIL STERILIZATION, AND ANAEROBIOSIS ON 


MULTIPLICATION OF F. oxysporum f. cubense IN SOIL PLATES 
MOISTENED WITH GLUTAMIC ACID 


Soil previously subject to: 


Aerobiosis Anaerobiosis 

/ Treatment Fusarium colonies per ml. 
carbon dioxide of soil Soil type of 1:10,000 dilution 

0.03* Sterilized Loam axa 16.1 
Sandy loam 14.5 101.0 
Non-sterilized Loam 0.2 7.5 
Sandy loam iad 9.8 
4.0 Sterilized Loam 32.0 103.0 
Sandy loam 106.0 442.0 
Non-sterilized Loam L.7 67.0 
Sandy loam 2 37.0 








*Check samples in normal air. 
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Soils were taken from different areas in a flood fallowed lake immediately 
after draining, and from an adjacent non-flood fallowed area. Soil plates 
moistened with glutamic acid or water were prepared from the samples. 
Multiplication in air containing 4% carbon dioxide was consistently greater 
in flood fallowed than in the non-flood fallowed soil. Also, in flood fallowed 
soil, multiplication was significantly greater in soil samples taken from 3 to 
4 in. below the surface than on the surface. Previous studies (28) had shown 
that these lower soil layers were subjected to greater anaerobiosis than the 
surface soil layer. 


TABLE VI 


EFFECT OF DIFFERENT SOILS AND SOIL AMENDMENTS ON MULTIPLICATION OF 
Fusarium oxysporum f, cubense IN AIR AND IN AIR CONTAINING 4% CARBON DIOXIDE 








Soils moistened with: 
Water Glutamic acid 
© COs in air % COs in air 


0.03* 4.0 0.03* 4.0 





Added pH of  ——————— 

Soil type to soil soil Fusarium colonies per ml. of a 1:10,000 dilution 
Loam — 8.4 4.4 21.1 15.4 121.4 
Brown sandy loam — 5.6 1.8 8.7 72.8 293.3 
Brown sandy loam Ca(OH), 6.6-8.2 1.9 22 10.0 55.6 
Yellow sandy loam — 6.0 ey 1.0 9.7 80.3 
Yellow sandy loam Ca(OH). 7.0-8.3 1.0 2.4 3.3 26.7 
Yellow sandy loam NaOH 7.8 3.0 2.6 7.6 41.8 
Yellow sandy loam NaOH 9.3 9.2 11.0 76.4 261.1 





| 
| 
| 
| 
| 
| 
| 
| 
| 
\ 


*Check samples in normal air. 


TABLE VII 


EFFECT OF SOIL TYPE ON MULTIPLICATION OF F. oxysporum f. cubense IN 
AIR CONTAINING 4% CARBON DIOXIDE 


Fusarium per soil plate 
moistened with: 


Soil type* Source pH Water Glutamic acid 
Sandy loam — loam San Alejo 5.5-6.0 9.0 245 
Sandy loam — loam Changuinola 5.7-6.2 11.2 178 
Sandy loam Choloma 7.0-7.8 ee 181 
Sandy loam Lancetilla 6.0-6.6 160 149 
Loam — clay loam Mopala 7.1-7.7 6.6 58 
Loam — clay loam Farm 14 7.4-7.8 ee 64 
Loam — clay loam Guaruma I 7.1-7.0 5.6 83 
Loam — clay loam Colombia 6.1-6.9 4.4 27 





*From four to eight samples were taken from each area and results averaged. 
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The influence of different soils and soil amendments on Fusarium multiplica- 
tion in 4% carbon dioxide were investigated (Tables VI, VII). The addition 
of sufficient calcium hydroxide or sodium hydroxide to acid sandy loam to 
change the pH to near or above neutrality substantially reduced the amount of 
Fusarium multiplication. There were indications, however, that the magni- 
tude of reduction in sporulation was less with sodium hydroxide than with 
calcium hydroxide. When sufficient sodium hydroxide was added to stabilize 
the pH above 9.0, multiplication was greatly enhanced. The influence of 
different soil types from various locations on amount of multiplication in 4% 
carbon dioxide was similar to that obtained in studies (29) in air, but the magni- 
tude of the differences appeared greater.and was more consistent in 4% carbon 
dioxide than in air. 


Effect of Oxygen on Multiplication in Soil 

A series of experiments using the soil plate techniques were conducted in 
which oxygen content of the atmosphere was varied from 4 to 16%. The 
results showed that lowering the oxygen to 4% did not significantly or con- 
sistently reduce tiie amount of multiplication and survival in loam or sandy 
loam in an atmosphere containing 4% carbon dioxide. Frequently, multiplica- 
tion was greater in soil in an atmosphere containing about 4% oxygen and 4% 
carbon dioxide in nitrogen than in normal air. These experiments indicated 
that carbon dioxide and/or other soil factors influence amount of multiplica- 
tion more than oxygen levels of about 4% of the atmosphere. 


/ 


Discussion 


Apparently F. oxysporum f. cubense can multiply saprophytically in some 
samples of soil when they are supplemented with nutrient and/or carbon 
dioxide. The sources and kinds of nutrient present in nature are unknown, 
but carbon dioxide is often present in large quantities in soil (15, 25). The 
above and other data (30), where radioactive carbon dioxide was used, showed 
that carbon dioxide stimulated sporulation, and was assimilated by Fusarium 
hyphae probably participating in metabolic processes. Undoubtedly other 
nutrients are available, even if restricted in distribution and time, in an en- 
vironment as complex and varied as that in soil. 

Variation in multiplication among samples and experiments indicates that 
multiplication and survival are susceptible to many unknown influences. 
Multiplication in soil consists of spore production, probably in restricted 
microhabitats by a small amount of hyphae. The fungus does not grow 
“through”’ soil with an extensive hyphal network such as develops on buried 
slides containing infested agar drops (29). Recent unpublished studies using 
multiple samplings from soil plates indicate that numbers of centers of multi- 
plication were greater in some soil samples than others even though the average 
multiplication between soils may or may not be statistically different. How- 
ever, numbers of centers of multiplication may be more important in the ecology 
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and parasitic capabilities of the fungus than the over-all average amount of 
multiplication. Variation between samples from the same soil may be due to 
highly variable microhabitats as shown by Hack (13) using carbon dioxide 
content of soil air as an example. It is unlikely, however, that oxygen is 
often a limiting factor for Fusarium multiplication in the upper six inches of 
soil except when soil is waterlogged and oxygen content may fall below 2.6% 
(25). In addition to variation in soil gases, particularly carbon dioxide, the 
tremendous surface area of soil particles favors a complex biological, physical, 
and chemical heterogeneity that precludes the consistency of results found in 
pure culture studies. 

Determining saprophytic potentialities of a root-infecting fungus by ability 
to colonize detached host tissue in competition with the soil flora is not always 
indicative of saprophytic potential (32). Fusarium oxysporum f. cubense does 
not colonize detached banana roots in nature and penetrates few primary roots 
parasitically (31). It is capable, however, of multiplying saprophytically 
apart from a host when a nutrient source is available as our results indicated. 
Similar results have been obtained with F. oxysporum f. gladioli (35). There- 
fore, determination of saprophytic potentialities of root-infecting fungi should 
not be restricted to colonization of detached host tissue tests but should be 
supplemented with other methods. 

Disease patterns indicate that a large amount of inoculum is required for 
rapid disease spread (31). Such amounts cannot be present in a flood fallowed 
area after draining after 100 or more days of flooding unless multiplication 
occurs saprophytically in soil. Previous studies (27) indicated that fungus 
populations added to soil behaved similarly in flood fallowed soils and in soils 
partially disinfected. Experiments reported in this paper show soils subjected 
to anaerobiosis or previously flood fallowed will support greater sporulation 
when infested with Fusarium than will non-flood fallowed soil. Thus condi- 
tions for increased infections are enhanced as a result of improved conditions 
for multiplication due to flood fallowing. The amount of infection observed 
in some instances after flood fallowing could, therefore, be accounted for 
by multiplication of Fusarium known to survive flooding on the soil surface 
(28). In addition, non-flooded areas that have not grown bananas for at least 
15 years are often 50% or more diseased within 1 year of replanting. This 
suggests that, once present in soil, the fungus is capable of maintaining a 
population saprophytically. There is also some multiplication as a weak 
parasite on or in numerous grasses and other monocotyledons. 

These studies contribute to the thesis (8, 24) that F. oxysporum f. cubense 
is a soil-inhabiting saprophyte with a parasitic potential, previously of limited 
geographical distribution, and spread with the movement of banana in com- 
merce. There is also the possibility that this fungus existed in a variety of 
strains weakly parasitic on roots of other monotcoyledons from which a strain 
adapted to bananas was selected as a result of the rapid expansion of banana 
cultivations. 
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FACTORS AFFECTING ION RETENTION AND VARIATION 
OF OSMOTIC PRESSURE IN WATER HYACINTH ROOTS! 


Wo. HarRo_p MINSHALL? 


Abstract 


The osmotic pressure of the root cells of water hyacinth [Eichhornia crassipes 
( Mart.) Solms.] decreased approximately one-half an atmosphere from its normal 
value of 5.0 to 5.6 atmospheres (a) in roots severed from the plant, (b) in roots of 
plants that were darkened for 24 hours or more, and (c) in roots of plants growing 
in a nutrient solution without renewal for a week or more. This decrease in 
osmotic pressure was associated with a decrease in the internal concentration of 
inorganic ions. In excised roots an exosmosis of nitrate and potassium was dem- 
onstrated. This exosmosis did not appear to be connected with the passive 
leakage of diffusion processes. A deficiency of oxygen in the internal aeration 
system of the plant appeared to be the most likely cause of the exosmosis of ions 
from severed roots and from roots of plants held in the dark. Root cells of water 
hyacinth accumulated the vital stain neutral red but were not able to retain 
this stain when transferred to tap water or to a hypotonic sugar solution. 


Introduction 


There are in the literature relatively few references to the release of salts 
from plant roots to the external medium. Luttkus and Botticher (14), while 
studying the uptake of salt by maize roots, noted an exosmosis of potassium 
when the plants were held in the dark. They postulated that, in light, 
potassium was held with a labile binding by the protoplasm but in darkness 
the binding was broken and because of a concentration gradient the potassium 
diffused to the external solution through the roots. To explain an exosmosis 
of phosphate from maize roots after 24 hours in the dark, Alberda (1) elaborated 
on the suggested mechanism of Luttkus and Botticher. Alberda assumed 
that the binding of ions was related to the part the ions played in metabolism 
and further that a secretion mechanism freed the ions from their binding to 
the protoplasm and passed them along the vascular tissue to the roots. 
Van Andel, Arisz, and Helder (2) also reported a distinct exosmosisof potassium 
from maize roots held in the dark but they did not find an exosmosis of 
phosphate. They believed a greater quantity of potassium than of phosphate 
was exosmosed because of the greater mobility of potassium in the plant. 
Van Andel et al. explained the exosmosis of potassium by assuming that the 
transport from the shoot was greater than the supply to it. Jenny and Over- 
street (10) found that excised roots from “‘low salt’’ barley plants possessed 
a pronounced capacity to retain potassium against distilled water over a 
period of 10 hours. ‘High salt’’ roots, however, under similar circumstances 
lost 8% of their potassium. Vlamis and Davis (18) found that potassium 
and bromine were leached from excised roots of barley and tomato when 
the roots were held under oxygen pressures of less than 1%. Chang and 
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Loomis (4) bubbled carbon dioxide through solution cultures containing wheat 
and maize plants and found that potassium was released from the roots in 
considerable quantities in two out of four experiments. Nitrogen, however, 
was not released from the roots under these circumstances. 

In an investigation (15) of the effect of the hydrogen-ion concentration of 
the nutrient solution on the physiology of the root cells of the two floating 
hydrophytes, water hyacinth (Ezchhornia crassipes (Mart.) Solms.) and frogbit 
(Hydrocharis morsus-ranae L.), it was found that the osmotic pressure (O.P.) 
of the cells was not significantly influenced in either plant by variation of the 
pH between 3.5 and 5.0; but, in water hyacinth, the O.P. showed marked 
irregularities caused by the exosmosis of certain ions. An attempt was made 
to determine the extent and cause of these irregularities in O.P. so that suitable 
techniques could be devised for the determination of solute permeabilities 
by means of plasmolytic methods. Unfortunately it will not be possible 
for the author to continue these investigations, but; as the results bear upon 
the subject of absorption and release of salts by roots, a report concerning them 
is presented here. 


Methods 


Either 6-liter glass museum jars or 1-gal. glazed crocks were employed as 
containers for the water hyacinth plants. To minimize the effect of algae 
growing amongst the roots, the tops of the containers and the sides of the 
glass jars were covered. The basic nutrient medium was a Shive’s three-salt 
solution at one-fifth its normal concentration. It contained the following 
salts in grams per liter: Ca(NOs3)2, 0.17; KH.PO,, 0.49; and MgSO,, 0.36. 
Iron and the usual trace elements were added. Aeration was not found neces- 
sary for good growth. For most of the experiments reported here the hydro- 
gen-ion concentration was adjusted to pH 5.0. Osmotic pressure was deter- 
mined by the incipient plasmolysis method, with sucrose as the plasmolyte. 
Determinations were made in duplicate or triplicate on the cortical cells of 
intact lateral roots in the zone just behind the root cap. The coefficient of 
variation in the estimation of osmotic pressure lay between 2 and 4%. Nitrogen 
and potassium were determined by the methods of Emmert (6). Further 
details on the methods employed will be found in a separate paper (15). 


Results 


The O.P. of the root cells of water hyacinth plants grown under these 
experimental conditions was usually between 5.0 and 5.6 atmospheres. As long 
as conditions for growth were favorable, the O.P. was quite uniform; but a 
decrease in the O.P. occurred under the following conditions: (a) if the root 
was severed from the plant, (0) if the plant was darkened for 24 hours or more, 
(c) if the plant was left in its nutrient solution, without renewal, for a week 
or more. 

Various aspects of this problem, including changes in the cell sap and the 
nutrient medium, were investigated under the conditions indicated above. 
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Severed Roots 

A portion of a water hyacinth root was detached from the plant and periodic 
determinations of the O.P. of its cells were made. Within a few hours after 
the root was detached the O.P. of its cells decreased from 5.2 to 4.6 atmos- 
pheres and then remained constant. The removal of the distal part of a root 
did not affect the O.P. of the root cells of the part remaining attached to the 
plant. At room temperature, a drop in the O.P. usually started within 30 to 
45 minutes after the root portion was removed and it continued from 1 to 
3 hours. Since the rate of change increased with an increase in temperature, 
it appeared as if a relationship existed between the fall in O.P. and the meta- 
bolic activities of the cells but the difference in rate (Q:o) was within the limits 
of physical effects rather than of physiological effects. The rate also varied 
with the medium, being faster in distilled water than in nutrient solution. 
Aeration of the solution in which the severed roots were standing did not 
prevent the O.P. of the root cells from decreasing. When roots grown in the 
regular containers under conditions of subdued light were exposed to light 
or dark following removal from the plant, there was no difference in the decrease 
in O.P. of the root cells. However, when single roots were grown in side- 
containers with a root-separation method (15), the presence or absence of light 
affected the rate of the decrease. Cells of the root grown fully exposed to 
light decreased in O.P. from 5.3 to 4.8 atmospheres in 1 hour while the cells 
of the root grown in the dark had decreased from 5.3 to 5.0 atmospheres 
in 6.5 hours. 

During the drop in O.P. the conductivity of the external medium increased 
as is shown by the following test. A piece of root 2.6 cm. long was detached 
from the plant, rinsed in distilled water to remove materials from the cut 
surface, and placed in the tube of a conductivity cell filled with distilled water 
plus a few drops of the nutrient solution. The cell was kept in a constant- 
temperature bath and the resistance measured from time to time. The results 
are given in Table I. Thus, during the period in which it was previously 


TABLE I 


THE EFFECT OF A DETACHED WATER HYACINTH ROOT ON THE RESISTANCE 
OF THE MEDIUM BATHING THE ROOT 











Time after removal of root, Decrease of resistance, 
minutes ohms 
7 0 
15 5 
25 150 
40 330 
55 450 
70 600 
85 740 
100 800 


880 
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found that the O.P. of the root cells decreased, the conductivity of the medium 
rose at a gradually diminishing rate. This increase in conductivity suggested 
that electrolytes were escaping from the root cells. The cells were alive at 
the conclusion of the experiment as shown by the fact that they were able to 
accumulate the vital stain neutral red. 

Further evidence that exosmosis of electrolytes takes place was obtained. 
Severed roots were rinsed in four changes of distilled water and then allowed 
to stand for 7 hours in 350 ml. of distilled water. The last rinsing water and 
the leaching medium (the water in which the roots were allowed to stand) 
were concentrated to 25 ml. by boiling and were then tested. The following 
results were obtained: 


RINSING MEDIUM LEACHING MEDIUM 
Resistance 7,100 ohms 1,820 ohms 
Nitrogen negative test positive test 
Potassium negative test positive test 


A comparison was made of the release of nitrate nitrogen from intact and 
severed roots of the same plant when placed in distilled water. A plant was 
removed from its culture solution, rinsed in distilled water, and its roots 
allowed to stand 2 hours in 1000 ml. of distilled water. The plant was then 
removed from the distilled water and returned to its culture solution. Ten 
hours later the roots were rinsed in distilled water, detached from the plant, 
and allowed to stand 2 hours in 300 ml. of distilled water. The two leaching 
media were filtered, concentrated to 25 ml. by boiling, and tested for nitrate 
nitrogen. <A trace of nitrogen (equal to 0.03 mg. of nitrogen in Emmert’s 
standard solution) escaped from the intact roots. Five times as much 
nitrogen escaped from the same roots when they were severed from the plant. 

In other experiments, conductivity and chemical tests on root extracts 
gave supporting evidence that during the decrease in O.P. an exosmosis of 
such electrolytes as nitrate and potassium occurred. 


Darkened Plants 

When water hyacinth plants were kept in a dark room, no appreciable change 
took place in the O.P. of the root cells during the first 12 hours but in the 
succeeding 24 hours a gradual fall in their O.P. occurred. As with severed 
roots, the fall in O.P. was from 0.5 to 0.75 of an atmosphere. When the plants 
were returned to the light, the O.P. began to rise almost immediately and 
continued to rise at a much more rapid rate than it fell in the dark. Unlike 
the condition in severed roots, therefore, the change was reversible. Results 
from a typical experiment are given in Table II. 

The root had to be attached to the plant for the O.P. to increase when the 
plant was transferred to the light. It would appear, therefore, that a vital 
connection between root and shoot was necessary in order that the reverse 
process could take place. Aeration of the external medium containing the 
detached root did not restore the original O.P. 
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TABLE II 


THE EFFECT OF DARK AND LIGHT ON THE O.P. OF THE ROOT CELLS 
OF A WATER HYACINTH PLANT 








Treatment O.P. of root cells, atm. 





Placed in dark room, 11.00 p.m. 
0 hours later 
12 hours later 
16 hours later 
22 hours later 
36 hours later 


PUI 
OCNANADH 


Returned to greenhouse, 11.00 a.m. 
3.5 hours later 
5.5 hours later 
27 ‘hours later 


aun 
Qwe 





In an experiment where a plant was held in darkness for 25 hours and the 
O.P. of its root cells fell from 5.0 to 4.3 atmospheres, the nitrogen in the 
culture solution increased 4 or 5 p.p.m. No difference was found in the 
potassium content of the solution. The increase in nitrogen indicates that 
during the fall in O.P. of darkened plants an exosmosis of ions occurs, as 
happened with severed roots. 


Unrenewed Nutrient Solution 

When water hyacinth plants were left in the same nutrient solution without 
renewal for a week or 10 days, the O.P. of the root cells began to drop at the 
sixth or the seventh day. It fell for several days and then remained more or 
less constant at the same value as obtained with roots severed from the plant, 
or roots of a plant held in darkness. If at the end of 10 days the nutrient 
solution was renewed, the O.P. of the cells rose rapidly and recovered its 
original level, usually within a day but sometimes in a slightly longer period. 
From the results of a typical experiment given in Table II], it will be observed 
that the rise in O.P. was slow during the night and was rapid during the 
morning hours. 


TABLE III 


THE EFFECT OF NUTRIENT SOLUTION RENEWAL ON THE O.P. OF WATER HYACINTH ROOT CELLS 








Treatment O.P. of root cells, atm. 





Nutrient solution renewed March 5 


4 days later 5.6 
8 days later §.1-§.2 
9 days later 4.9 
10 days later 4.8-4.9 
Nutrient solution again renewed at 4.00 p.m., March 15 
hours later (11.00 p.m.) 5.0-5.1 
13.5 hours later (5.30 a.m., still dark) §.1-5.2 
14.5 hours later (6.30 a.m.) 5.3 
19 hours later (11.00 a.m.) 5.6 
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Changes in the concentration of nitrogen, potassium, and hydrogen ions 
in the nutrient solution during 10 days of culture are given in Table IV. 

From the experiments in which nitrogen concentration and pH were followed 
simultaneously, it appeared that the pH rose after renewal of the solution, 
levelled off and remained relatively constant for a time, and then began to 
fall about the time that the nitrogen became exhausted in the nutrient. The 
actual rate of change of pH and the time required for the exhaustion of the 
nitrogen depended on the size of the plant and its rate of growth. Presumably, 
the changes in pH were due to a difference in the rate of absorption of cations 
and anions and, from the results, it appeared that the predominant factor 
in the increase of pH was the rapid intake of the anion NO; while it was 
available. 

TABLE IV 


THE EFFECT OF A WATER HYACINTH PLANT ON THE CONCENTRATION OF NITROGEN, 
POTASSIUM, AND HYDROGEN IONS IN THE NUTRIENT SOLUTION 











Days after renewal N, K, H+: 
of solution p.p.m. p.p.m. pH 

0 30 140 5.0 

2 20 140 ee i 

a 5 120 3.9 
6 3 120 — 

8 0 120 6.0 

9 — — 4.3 

10 — — 3.6 





The stage at which the O.P. of the root cells began to decrease coincided 
approximately with that of nitrogen exhaustion and of pH decline. It is 
evident, however, that the O.P. of the cells and the pH of the medium are 
not necessarily correlated for the following reasons. The variation in O.P. 
produced by darkness and light were accompanied by little change in pH; 
and plants grown in nutrient solutions of initial pH 3.5 or pH 4.0 underwent 
the same osmotic changes and had the same normal and minimum O.P. as 
those plants grown in the pH 5.0 medium. Of the variables studied, a 
nitrogen deficiency was indicated as the probable cause of the decline in O.P. 
when the nutrient solution was not renewed. 


Source and Supply of Nitrogen 


Although nitrate may be a source of respiratory oxygen for roots (5), it 
was previously noted (15) that water hyacinth appeared to prefer ammoniacal 
nitrogen rather than nitrate nitrogen. Most algae are reported (17) to 
assimilate ammonium ions more readily than they do nitrate ions. Proctor 
(17), however, grew six species of algae in a medium containing ammonium 
nitrate and found that four species preferentially assimilated ammonium ions 
but the other two species preferred nitrate ions. The basic medium employed 
in the present studies contained only nitrate nitrogen and in addition was 
low in total nitrogen. In the previous section on unrenewed nutrient solutions 
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it was noted that the stage at which the O.P. started to decline coincided 
approximately with that of nitrogen exhaustion. Nitrogen supply, therefore, 
might affect the exosmosis of ions from roots. These factors prompted an 
investigation of the effect of the form and supply of nitrogen on the O.P. of 
water hyacinth roots. 

Clonal plants were grown in solutions in which the 30 p.p.m. of nitrogen 
as Ca(NQs)2 in the basic nutrient was replaced by 145 p.p.m. nitrogen as 
Ca(NQs3)2, by 290 p.p.m. nitrogen as NH4NQOs, and by 145 p.p.m. nitrogen as 
NH,Cl. 

Except for minor differences in size the plants grew equally well in all four 
types of solutions. Roots of the plants in 30 p.p.m. nitrogen as Ca(NQOs3)e 
were slightly longer than were those in the other three types of nutrient and 
leaves of the plants in 145 p.p.m. nitrogen as NH,CI were slightly shorter than 
were the others. 

Ammonium and nitrate nitrogen as supplied by these four nutrient solutions 
did not alter in any way the decrease in O.P. of severed water hyacinth roots. 


Girdling 

Water hyacinth plants contain large air cavities in their leaves and roots (16). 
One of the suggested functions of these cavities is to permit an internal aeration 
of the roots. Preliminary experiments were carried out to investigate the 
role of internal aeration and of vital connection between root and shoot in 
the decrease of O.P. 

Removal of only a portion of the air cavities in a root had no effect on the 
behavior of the O.P. of the root cells. More than one-half of the air cells 
at the base of a root were exposed, by excising a segment 1 cm. long and 
approximately one-half of the cross section, from a plant held in the dark 
until the O.P. of its root cells had decreased from 5.6 to 4.9 atmospheres. 
When the plant was returned to the light, the O.P. of the cells of this root 
increased the same amount and at the same rate as did the cells of normal 
intact roots. In other tests, where up to one-half of the cortex was cut 
away at the base of the root, the O.P. of the cells of the treated root remained 
at the same value as did cells of normal intact roots. 

When all of the air cavities were exposed by means of a complete girdle 
at the base of the root, the O.P. of the cells decreased in 24 to 48 hours. The 
time interval required for the decrease in O.P. to occur in girdled roots was 
approximately the same as in plants held in the dark, but in these preliminary 
tests it appeared to be longer than for excised roots. If water hyacinth 
roots depend on their air cavities for all of their oxygen, then it is difficult 
to explain why roots with all air cavities exposed required a longer time for 
the O.P. to decrease than did severed roots. It is possible that a partial 
supply of oxygen was drawn into the roots through the stele and remnants 
of the cortex. A mechanism whereby a reduced gas pressure could be produced 
within the roots has been proposed for water plants (5). 

In completely girdled roots the condition of the cells deteriorated and by 
24 hours after girdling the majority of the cells burst when plasmolyzed. 














332 CANADIAN JOURNAL OF BOTANY. VOL. 36, 1958 


Aerating the external medium restored the condition of the root cells so that 
they could withstand plasmolysis but this aeration did not change the depressed 
O.P. of the cells. 

When the stele at the base of the root was severed with a flattened needle 
in such a manner as to leave some of the cortex intact, the O.P. of the cells 
decreased and the condition of the cells deteriorated but these changes were 
slower in developing than in girdled roots. The results indicated that cutting 
the stele of the root was a less severe treatment than was complete girdling 
of the cortex. 


Accumulation and Retention of Neutral Red 

In an investigation of plasmolytic methods for the determination of solute 
permeability (15) an attempt was made to stain the cells of excised water 
hyacinth roots with neutral red. The stain was dissolved in tap water at a 
concentration of 20 p.p.m. and the solution was made slightly alkaline with 
NaOH. The accumulation of neutral red was somewhat irregular in that, 
occasionally, the cortical cells of the lateral roots would not accumulate the 
stain and, at other times, the neutral red was precipitated within the vacuole. 
Generally, however, the cells accumulated the stain and after 1 or 2 hours of 
exposure they were stained sufficiently to permit visual observation. When 
the roots were transferred from the stain to solutions such as hypotonic CaCl, 
hypotonic sucrose, or tap water, it was noted that the neutral red immediately 
started to escape from the cells. The stain disappeared from the cells at 
about the same rate as it was taken up by them from the neutral red solution. 
By means of plasmolysis tests, it was found that the accumulated stain was 
in the cell vacuoles and that the cells were still alive after the stain had escaped. 
This rapid escape of neutral red is counter to what is experienced with most 
phanerogams. Guilliermond (7) found that cells of phanerogams accumulated 
neutral red and retained it in their vacuoles during their entire development; 
but cells of fungi absorbed neutral red only when their growth was arrested 
and they rejected the dye as soon as they began to develop. Saprolegnia 
proved to be an exception to other fungi since it accumulated neutral red 
while growing. In the present studies, excised water hyacinth roots accumu- 
lated neutral red, but they were not able to retain the dye when transferred 
to tap water or to a hypotonic sugar solution. From these results it would 
appear that water hyacinth root cells may be an exception to those of other 
phanerogams. 

It would be interesting if the mechanism of the exosmosis of neutral red 
were found to be similar to the mechanism of the exosmosis of such ions as 
nitrate because, for the most part, the mechanism of accumulation and 
retention of vital stains is considered to be different from the accumulation and 
retention of ions. 

Discussion 


Though the three factors, excision, darkening, and exhaustion of nutrient, 
operated at different rates and were not obviously related to one another, the 
level to which the O.P. fell was approximately the same with each factor or 
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with a combination of them. Since the effect of combinations was not additive 
it would appear that these factors must have acted ultimately on the same 
process. The fall of the O.P. in severed roots was accompanied by a decrease 
in the conductivity of the sap and an increase in that of the medium. An 
exosmosis of such ions as nitrate and potassium was demonstrated. With 
darkened plants, there was also evidence of an exosmosis of nitrate. In 
experiments with plants grown in the same solution until the nitrogen was 
depleted, an exosmosis of ions from the root to the medium was not noted; 
but a lowering of the concentration of salts in the roots might be expected as 
in the ‘‘low salt’’ roots of Hoagland and Broyer (9). It is suggested, therefore, 
that the drop below normal in the O.P. of water hyacinth roots was caused by 
a decrease within the cell in the concentration of inorganic ions and possibly 
of other materials; in severed roots and darkened plants these ions appeared 
in the external medium. Luttkus and Botticher (14) found that the potassium 
which exosmosed from the roots of maize plants held in the dark came from 
the shoots. Alberda (1) and van Andel et al. (2) likewise considered that the 
potassium and phosphate came from the shoots and were simply passed to 
the external solution through the roots. In the present studies with water 
hyacinth, however, the ions which exosmosed from severed roots and from 
roots of darkened plants came from the vacuoles of the root cells. It would 
appear, therefore, that the exosmosis of ions from roots of water hyacinth 
plants may be a phenomenon different from that described for maize plants 
by these authors. 

During growth, plant cells often accumulate ions in their vacuoles until the 
vacuoles contain a higher concentration than that present in the external 
medium. The ions that exosmosed from the water hyacinth roots were 
osmotically active and were contained in the vacuoles. It has been suggested 
that the accumulation of ions is the result of a two-way process—an active 
transport taking place in one direction across a membrane, and a passive 
leakage proceeding simultaneously in the opposite direction (3, 13). Is the 
exosmosis of ions from water hyacinth roots to be associated with this passive 
leakage? Jenny, Overstreet, and Ayers (11) and Broyer and Overstreet (3) 
found that radioactive potassium ions previously accumulated by roots can 
be lost in large quantities into salt solutions by exchange but that virtually 
no leakage occurred when the roots were placed in distilled water. The 
manner in which the leakage occurred in severed water hyacinth roots, namely, 
a surge of exosmosis lasting from 34 to 3 hours and followed by an apparent 
equilibrium, with no difference in the amount of exosmosis into distilled 
water or into nutrient solutions, suggests that this exosmosis from water 
hyacinth roots is not a passive leakage connected to diffusion processes. 

Theoretically, the retention of ions within cells in greater concentration 
than in the external medium would require a continuous expenditure of energy 
if the cell membranes remained in any degree permeable to those ions. Krogh 
(13) has suggested that even after growth has ceased mature cells maintain 
their excess internal concentration by means of a ‘‘steady state’’ in which an 
active uptake makes good the diffusion losses of ions. This steady state 
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differs in principle from an equilibrium by the fact that energy must be supplied 
for its maintenance. A supply of oxygen for aerobic respiration could provide 
this energy. Hoagland (8) and Hoagland and Broyer (9) found that oxygen 
must be supplied to barley roots to enable them to retain ions already accumu- 
lated. Vlamis and Davis (18) found that low oxygen tensions produced a 
loss of potassium from roots of barley and tomato to the external solution. 
In the present experiments, oxygen, for aerobic respiration, was shown not to 
be limiting in the external solution. It is not known, however, to what extent 
water hyacinth roots depend on the external solution for their oxygen. A 
comparison of the harmful effect of exposing all the air cavities in the root 
cross section with the innocuous effect of exposing only a portion of these 
cavities is consistent with the suggestion that an interruption of the internal 
gaseous exchange had an adverse effect on ion retention. This suggestion is 
further supported by the fact that cutting the stele appeared to be a less 
severe treatment than did exposing all the air cavities by means of a root girdle. 
Although present results are not conclusive, they support the contention that 
water hyacinth roots may be dependent upon an internal aeration system. 
If this is so, then oxygen would be limiting for severed roots and for darkened 
plants as photosynthesis would be stopped. The lack of oxygen, therefore, 
must be considered a possible cause of the exosmosis of ions from water 
hyacinth roots since such a lack could induce the relinquishment by root 
cells of previously accumulated ions. Experiments wherein water hyacinth 
is exposed to nitrogen might well produce conclusive results. 

Since it is possible that the reduction of nitrate in roots may replace a part 
of the respiratory reduction of oxygen, then nitrate exhaustion in an unrenewed 
nutrient solution could also lead to a reduced respiration. In the present 
experiments it was found that the stage at which the O.P. of root cells began 
to decrease in unrenewed nutrient solutions coincided approximately with that 
of nitrate exhaustion. Intact water hyacinth plants, however, grew well 
in unaerated solutions containing only ammoniacal nitrogen and, when the 
roots of such plants were severed, their cells exhibited the usual decrease in 
O.P. This fact suggests that water hyacinth does not require nitrate as a 
source of oxygen supply for root respiration and is evidence against a direct link 
between nitrate exhaustion in the nutrient and a decrease in O.P. of root cells 
because of a lack of oxygen. Unfortunately the effect of an unrenewed 
solution containing only ammoniacal nitrogen was not determined; but it is 
considered improbable that the disappearance of nitrate from the medium 
produced the decrease in O.P. of root cells by means of any direct influence. 
Nitrate exhaustion in the nutrient might affect the ion retention of cells by 
other means. The limitation of any phase of metabolism might result in a 
low level of energy supply which would limit the cell’s ability to maintain the 
existing gradient of ion concentration. 

The concept of “outer space’’ or ‘‘apparent free space’’ in roots has been 
proposed to explain the fact that ion absorption and translocation may occur 
independently of ion accumulation. Kramer (12) has recently reviewed the 
literature and has outlined possible implications of the concept of outer space 











MINSHALL: ION RETENTION 335 


in plants. The present results on the exosmosis of ions from water hyacinth 
roots have no bearing on the controversy of the position of the differentially 
permeable membrane separating inner space from outer space. They do 
indicate, however, that ions will readily leach from the inner space (vacuoles) 
of water hyacinth root cells when the roots have been excised or the plant 
exposed for a time to darkness. 
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PHOTOSYNTHESIS AND METABOLISM OF MARINE ALGAE 
II. A SURVEY OF RATES AND PRODUCTS OF PHOTOSYNTHESIS IN CO, 1! 


R. G. S. BIDWELL 


Abstract 


The rates and products of photosynthesis of 14 species of brown, red, and 
green marine algae have been determined. CO. was supplied in a special 
apparatus which gave a continuous record of uptake. This apparatus is described 
in detail. The products of photosynthesis were extracted, separated by paper 
chromatography, and their radioactivity was determined. The main product 
was invariably mannitol in the brown algae, floridoside or a glycerol-mannoside 
in the reds, and sucrose in the greens. Hydrolysis of the insoluble residues 
released radioactive amino acids, glucose, galactose, and other carbohydrates. 
Although the soluble products were characteristic of each group, the insoluble 
products were much the same in all three groups. The rates of CO: assimilation 
ranged from 4 to 4 mg. of CO. per hour per gram of fresh plant. No correlation 
of the rate of CO. uptake was observed with either the morphology or the 
taxonomy of the algae. 


Introduction 

Many investigations have shown that seaweeds contain a variety of simple 
and complex compounds which are unusual or unknown in land plants. The 
presence of mannitol in brown algae and of floridoside (2-glycerol-a-d-galacto- 
pyranoside) (5, 21) in reds has been known for many years (6, 8), while the 
discovery of such compounds as volemitol and esters and glycosides of man- 
nitol and various sugars is the result of more recent studies (8-13). The 
presence of such unusual compounds may indicate that the processes of photo- 
synthesis and metabolism in marine algae are different from those in land 
plants. On the other hand, these compounds may be only side products of 
a conventional metabolism. None of them were found to become radioactive 
after C“O, feeding in light in various blue-green, green, and red algae (20), 
although floridoside has been shown to be a product of photosynthesis in the 
red alga Iridophycus flaccidum (1). In the present study an attempt is being 
made to find out what role such compounds play in the metabolism of algae. 
This paper describes an investigation of the rates of photosynthesis and the 
nature of the radioactive products formed from COs, in light by 14 species 
of brown, red, and green marine algae. 


Photosynthesis Apparatus 


Photosynthesis was carried out in a special apparatus here described in 
detail because of its possible applications to other problems. C™Q, is supplied 
to several samples under controlled conditions, and the amounts of C™ remain- 
ing in the atmosphere are metered and recorded. The apparatus consists of 
four illuminated chambers whose environments are independently controlled, 
four radiation counters, and a single monitor and recorder. A diagram of one 
of the photosynthesis chambers and the recording apparatus is shown in Fig. 1. 


‘Manuscript received January 7, 1958. 
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Fic. 1. Photosynthesis apparatus. 


Plants, in air or a suitable medium, are placed in a glass chamber (a) which 
is immersed in a constant-temperature water bath made of lucite, and illu- 
minated by water-screened incandescent lamps. Stopcock (b) is switched to 
the CO, generator and stopcock (c) to a vacuum line. The CO: generator 
consists of a 15 ml. tube containing a suitable amount of NagCQs solution in 
weak alkali. When the pressure has fallen to about half atmospheric, the 
vacuum line is closed at (c) and 80% lactic acid is added to the CO: generator 
by a hypodermic syringe through the lid, a serum bottle cap. When the acid 
has reacted with all the carbonate, the generating tube is shaken briskly to 
remove any remaining COs, then the barrel of the syringe is removed from the 
needle, which remains in the cap. Air rushes in, sweeping all the CO, into 
the chamber (a). When the pressure has risen to atmospheric, the chamber is 
connected to the circulating—recording system by stopcocks (6) and (c). Gas 
is circulated by a Cole-Parmer No. 4045 peristaltic pump through a small 
polyethylene chamber (d) with a Tracerlab TGC2 geiger tube sealed in its 
end, back to the photosynthetic chamber. A short length of large-diameter, 
flexible-walled rubber tubing (e) is inserted between the pump and the counting 
chamber to protect the thin window of the geiger tube from damage due to 
shock or pressure change. The four geiger tubes, one for each of the four 
photosynthesis chambers, are run from a single Atomic Laboratory Monitor 
activating an Esterline-Angus pen recorder. The high voltage is switched from 
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one to another of the geiger tubes by means of a special switch.* This switch, 
illustrated in Fig. 2, consists of a drum rotating at 4 r.p.h., containing four 
quadrants of brass, insulated from each other, but each connected to a full 
ring. Contact is made to each of the quadrants and the common ring with 
many-stranded steel brushes. The whole switch is shielded and grounded to 
the common ground of the four geiger tubes. Thus, each geiger tube in turn 
activates the recorder for 32 minutes, four times every hour, the four curves 
then appearing as four sets of points on the chart. Corrections are applied 
for coincidence, the absorption of CO, by the medium if necessary, and the 
quantity of CO, taken up and the rate of uptake is determined directly. 
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Fic. 2. Special switch used for operating four geiger tubes in rotation from one 
laboratory monitor and recording apparatus. 


It is possible to use this apparatus to study the effects of varying external 
conditions on four samples of plants simultaneously. Thus, the temperature, 
light quantity and quality, and the concentration of gases in the atmosphere 
can be varied independently. Motors of different speeds, up to 1 r.p.m., 
may be substituted for the 4 r.p.h. motor in the switch, if more frequent 
readings of C™ concentration are necessary. The amount of CO, to be added 
to the apparatus may be increased without changing the concentration by the 
addition of empty glass chambers to the circulating system to increase its 
volume of air. When 30 mg. of CO, are added to the apparatus to give 5% 
of CO, in the atmosphere, 50 microcuries (yc.) of C' will cause the monitor to 
read about 100,000 c.p.m. 


*This switch was designed and built by Mr. R. L. Smith of Cossor Canada, Ltd., 
Halifax, N.S. 
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Material and Techniques 

Material 

Seaweeds were collected between 11 a.m. and 2 p.m. on sunny days at half- 
tide or lower on exposed rocky shores in Halifax County, N.S., and used 
within 2 hours of collection. Weeds with a massive thallus, such as Laminaria 
or Alaria, were cut into approximately 1 in. squares, those with a narrow 
thallus, like Fucus, were cut into about 1} in. lengths, while filamentous forms 
and those with small thalli were used whole. Some attempt was made to 
remove contaminating epiphytes, and the weeds with a sufficiently large 
thallus were wiped before using, with the result that contamination was rel- 
atively small. This was not possible with delicate filamentous forms. 


Experimental Procedure 

The sample was blotted dry with absorbent tissue and from 1.00 to 8.00 g. 
were weighed and placed in the photosynthetic chamber, a 200 ml. centrifuge 
bottle, in 100 ml. of sea water at 15°C. Then 30 mg. COs containing 50 mc. 
of C' were added to the photosynthesis apparatus to give 5% of CO: in the gas 
of the entire system. Lights were then switched on to give an illumination of 
1600 ft-c., and the uptake of CO: was allowed to proceed until half or more had 
been used. This usually required 4 to 6 hours. The sample was then re- 
moved, washed quickly in distilled water, and dropped into boiling 50% 
ethanol for 2 minutes, then allowed to cool, and extracted overnight with 
shaking in the same ethanol. 


Analysis 

The ethanol extract was evaporated to dryness and then redissolved in a 
small volume of water. The 50% ethanol-insoluble residue was hydrolyzed 
overnight in boiling 3 NV HCl, deacidified by repeated evaporation to dryness, 
and also redissolved in water: The ethanol extract and hydrolyzate of the 
ethanol-insoluble residue were chromatographed in triplicate on 9 X 10 in. 
sheets of Whatman No. 3 paper in special racks which held 18 chromatograms 
for ascending solvent flow. The solvents were phenol: water: :21:8 at pH 5.4 
and butanol: acetic acid: water: :9:1:4. One chromatogram was sprayed with 
ninhydrin to detect amino acids, the second was sprayed with aniline phthalate 
and orcinol to locate sugars (4), and the third was radioautographed on Kodak 
No-screen X-ray film for 14 days. The radioactive spots on the latter were 
eluted and aliquots were plated on aluminum planchets and counted in a 
methane-flow counter. Aliquots of the ethanol extract and the hydrolyzate 
of the ethanol-insoluble residue were also plated and counted. All counts as 
reported are corrected to absolute values for the whole sample. 

The amount of radioactivity taken in by the sample was calculated from 
the graph traced by the pen recorder. This was usually somewhat greater 
than the amount obtained by adding together the values obtained by counting 
the alcohol extract and the hydrolyzate of the alcohol-insoluble residue. The 
difference is probably due to the loss of volatile substances during extraction 
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A further check was possible by adding together all the values for individual 
compounds as obtained from the chromatograms and comparing this with the 
values obtained by direct counting. There was usually a discrepancy which 
is reported as ‘‘lost during chromatography’”’. 

Some of the unknowns which were encountered represented a large per- 
centage of the fixed radioactivity; these were eluted, hydrolyzed in N HCl at 
100° C. for 1 hour, and rechromatographed. Several lesser unknown spots 
which were present in very small amounts and gave no detectable spray reac- 
tion were usually found; these have been lumped in the tables as ‘‘unknowns’’. 
The identity of mannitol, floridoside, and the hydrolysis products of the gly- 
cosides and other unknowns was established by chromatography in several 
solvents, by isolation and melting point determination, and by mixed melting 
point determination and chromatographic “‘fingerprinting”’ (22) with authentic 
samples. 

The amount of activity taken in by the sample was known and from this 
the weight of CO, taken in was calculated. The rate of CO: uptake could also 
be calculated from the graph traced by the pen recorder. There was some- 
times an initial period of 5 to 15 minutes during which CO: uptake was either 
rapid or very slow. After this, the rate was always steady until the CO. was 
almost used up, when the rate decreased. The rate was calculated from that 
part of the graph representing the steady interval between the initial and 
final rates. 


Results 
The following plants were examined: 


Brown algae: Fucales Ascophyllum nodosum 
Fucus edentatus 
Fucus spiralis 
Fucus vesiculosus 
Laminariales Alaria esculenta 
Laminaria agardhii 
Laminaria digitata 


Red algae: Ceramiales Polysiphonia lanosa 
Cryptomeniales Corallina officinalis 
Gigartinales Chondrus crispus 
Rhodymeniales Halosaccion ramentaceum 
Rhodymenia palmata 
Green algae: Cladophorales Cladophora sp. 
Ulotrichales Ulva lactuca 


Table I shows the sample size, the amount of CO, taken up, duration of the 
experiment, and the rate of CO. uptake which prevailed after the initial high 
or low rate sometimes observed. No correlation of the rates, which varied 
from about one-half to nearly four milligrams CO, per gram fresh weight per 
hour, could be observed with either the taxonomic or the morphological as- 
pects of the plants. Of the greens, the filamentous Cladophora absorbed much 
more rapidly than the sheet-like Ulva; of the Rhodymeniales, the reverse was 
true. A wide spread was found among the members of the genus Fucus. 

Table II shows the uptake of C' by each sample, and the amounts recovered 
in the soluble and insoluble fractions. The total recovery varied from less 
than 50 to almost 100% of the C™ taken in. The recovery was high in the 
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browns, rather low in the greens, and variable in the reds. It will be seen that 
recovery was usually lowest in those samples where a large proportion of ac- 
tivity went into the residue. The amounts of C lost on chromatography 
represent the many very faint spots which often occurred and which were 
insufficiently radioactive to count, or those compounds, particularly around the 
origin area of chromatograms of hydrolyzates, which may have been incom- 
pletely eluted. 

Table III shows the carbohydrates which became radioactive. A very 
obvious taxonomic relation can be seen in the production of mannitol by the 
brown algae, glycerol glycosides by the reds, and sucrose by the greens. 

The amount of mannitol produced varied only slightly among the brown 
algae, and it was always the only free sugar detected. An unknown spot 
giving glucose on hydrolysis, No. 32 (a), was present in small amounts in two 
of the Fucales. Traces of citric and glyceric acids were present in nearly all 
the algae studied, but the browns usually contained much greater amounts 
of citric. 

All the reds except Polysiphonia produced large amounts of floridoside. 
Their soluble carbohydrate content, except for Rhodymenia, was somewhat 
lower than that of the browns. The main soluble compound in Polysiphonia, 
unknown 43, yielded mannose and glycerol on hydrolysis. This would appear 
to be a new glycoside. A mannoside of glyceric acid has been reported in 
red algae (7, 16). Two unknowns yielding glucose and one giving galactose 
on hydrolysis were found. Halosaccion was unusual in having mannitol in 
fairly large quantity. Corallina was also noteworthy since it produced the 
only free hexose found in this study and an unusually large amount of gly- 
ceric acid. 

The two green algae formed sucrose as their main soluble carbohydrate, 
as do land plants. Small amounts of radioactive mannitol and floridoside 
were also found in Cladophora extracts. 

The distribution of radioactivity among the free amino acids is shown in 
Table IV. Quite well defined patterns were shown by the brown algae. In 
Fucales, activity in glutamic acid predominated over that in aspartic acid, 
and the total activity entering soluble amino acids was low. In Laminariales, 
aspartic acid activity was greater than that in glutamic acid, and the over-all 
level of activity in soluble amino acids was much greater. No such patterns 
emerged in the red and green algae. The production of radioactive taurine 
and citrulline by Chondrus is noteworthy. Non-radioactive ornithine was 
also observed in Chondrus extracts. 

In Table V will be seen the radioactive substances found in hydrolyzates of 
the ethanol-insoluble residues. The conditions of hydrolysis were severe 
enough to have destroyed a large proportion of the sugars released from the 
insoluble carbohydrates during hydrolysis. The varying amounts of radio- 
active hexoses and pentoses which were found on chromatograms were deter- 
mined together and are represented as “carbohydrates” in Table V. Several 
amino acids became radioactive in varying degree, but no distinctive patterns 
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emerged. Radioactivity in aspartic acid was usually greater than that in 
glutamic acid. The unknowns, some of which were strongly radioactive, 
consisted mainly of material remaining at the origin area of chromato- 
grams, peptides and other unknown compounds, particularly the fast-running 
No. 5 (2). 

Some of the glycerol glycosides which occurred were hydrolyzed and re- 
chromatographed and the activity of the resulting glycerol and hexose deter- 
mined. These data are shown in Table VI. The floridoside from Chondrus 
and Corallina and the unknown 43 (glycerol mannoside) from Polysiphonia 
had about two-thirds of their activity in the hexose; or, in other words, the 
specific activity of the carbon in both moieties was about the same. In the 
floridoside of Cladophora the glycerol contained carbon of over twice the specific 
activity of that in the hexose moiety. 


TABLE VI 


DISTRIBUTION OF ACTIVITY IN GLYCEROL GLYCOSIDES 








Relative specific 











Total activity, uc. activity of carbon in: 
Glycoside Source Hexose Glycerol Hexose Glycerol 
Floridoside Chondrus 3.33 1.58 1 0.95 
Corallina 3.19 1.31 1 0.82 
Cladophora 0.226 0.254 1 2.25 
Unknown 43 Polysiphonia 2.96 1.56 1 1.05 
Discussion 


The results of these experiments amply demonstrate that the products of 
photosynthesis of brown and red algae are quite different from those of land 
plants. The two marine green algae resembled land plants, as far as the in- 
vestigation went. It is likely that marine green plants are essentially similar 
to land plants in most aspects of their metabolism (20). Many of their enzyme 
systems have been shown to be the same (9-11). The small amounts of man- 
nitol and floridoside in the Cladophora sample were probably formed by micro- 
scopic contaminants which could not be removed because of the fragility 
of Cladophora. A red filamentous form was seen which could have given 
rise to the floridoside, and the presence of flagellates could account for the 
mannitol (2). 

As yet we have no clear indication of the routes of formation of the mannitol 
produced by the brown algae or the floridoside and glycerol mannoside of the 
reds. A mechanism for floridoside has been suggested by Bean and Hassid (1), 
in which glycerol from triose combines with galactose from a Waldenase inver- 
sion of glucose phosphate. However, even in the few hours of the present 
experiments, the specific activity of the carbon in both moieties of floridoside 
was about the same. This is also true of the unknown 43 of Polysiphonia, 
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assuming a one to one ratio of glycerol to mannose. It is interesting to note 
that the floridoside in the Cladophora sample, presumably formed by a red 
contaminant, was unevenly labelled. One is led to speculate that the glycerol 
may have been derived from the triose pool of Cladophora and was thus very 
radioactive; but that the galactose, not found in Cladophora, was synthesized 
in the contaminant from some precursors not so heavily labelled. 


These experiments were conducted in the middle and late summer so that 
amides and peptides were at a low level. Much larger amounts of glutamine, 
as well as some asparagine, have been observed in Fucus vesiculosus in the 
springtime (3). The Chondrus extract was interesting, containing non-radio- 
active ornithine as well as radioactive citrulline. The ornithine may have 
risen from citrulline either in the plant or during the extraction; if so, the 
radioactivity of citrulline must have been in the carbamino group. The blue- 
green algae have been shown to produce citrulline labelled largely in the 
carbamino group after photosynthesis in CO, (19). The presence of orni- 
thine in Chondrus has previously been demonstrated (24). The general ab- 
sence of radioactive serine is noteworthy, considering the great importance of 
glycerol in the metabolism of these plants, and the ease of its conversion to 
serine (12). 

The rates of CO, assimilation as recorded are somewhat lower than the rates 
noted for land plants, which may range up to 10-20 mg. CO, per gram fresh 
weight per hour. It is possible that the true rates of assimilation may be 
somewhat higher than those recorded since it has been shown that algae will 
reutilize respiratory CO2 in photosynthesis (23) and discriminate in some degree 
against CO, (25). However, since the conditions of these experiments were 
chosen so that the rates of photosynthesis were high, the error from these 
sources is probably small. An error in the rate of photosynthesis as measured 
by the rate of CO. uptake may be introduced by the loose binding of carbon 
dioxide or carbonate in the plant body without its reduction and subsequent 
metabolism. The rather large losses of activity from the red and green algae 
may have been due partly to loss of C' present in this form, although no cor- 
relation was observed between the rate of COz assimilation and the magnitude 
of loss on extraction. In Corallina nearly half of the assimilated carbon was 
fixed in calcareous deposits, and was released on the addition of the acid used 
for the hydrolysis of the residue. 

The extreme variation of the relative amounts of soluble and insoluble mate- 
rial is of interest. Except for Ulva, where the time was long and a large 
proportion of the activity might be expected to enter starch, there was no 
correlation between the duration of the experiments and the amount of insol- 
uble material formed. 

The distribution of radioactivity in the soluble compounds was usually 
different from its distribution in the bound compounds. The relative pre- 
dominance of soluble aspartic or glutamic acid was not repeated in the protein, 
although there was a tendency for alanine to become radioactive in the protein 
of these plants in which it was labelled in the extracts. 
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FURTHER EVIDENCE OF RESISTANCE IN BERBERIS VULGARIS 
TO RACE 15B OF PUCCINIA GRAMINIS f. sp. TRITICI 


G. J. GREEN? AND T. JOHNSON? 


Abstract 


Plants of common barberry (Berberis vulgaris L.) were inoculated to determine 
their reaction to race 15B of wheat stem rust (Puccinia graminis Pers. f. sp. 
tritici Erikss. & Henn.). Only resistant-type infections occurred on plants 
inoculated with two pure cultures of race 15B-4 (Can.). Strong circumstantial 
evidence for the resistance of common barberry to race 15B was obtained from 
inoculations with sporidia from teliospores produced in the field. Sporidia from 
teliospores collected from the emmer wheat variety Vernal, which is selective for 
race 15B, produced only infections of a resistant type, and those from the common 
wheat variety Lee, also selective for 15B, caused both resistant and susceptible 
types of infections. Transfer of aeciospores to wheat from the susceptible ty 
demonstrated that 15B was not present. Sporidia from teliospores on the 
varieties Reliance and Mentana, which are not selective for this race, caused 
infections of a susceptible type. Resistant-type and susceptible-type infections 
appeared when barberry leaves were infected with races 29 and 48A. 


Introduction 


The finding that several 1951 isolates of race 15B of wheat stem rust 
(Puccinia graminis Pers. f. sp. tritici Erikss. & Henn.) were unable to attack 
common barberry (Berberis vulgaris L.) has evolutionary and economic sig- 
nificance (2). These isolates of the fungus are deprived of the adaptive 
advantages of variation resulting from sexual reproduction. They have 
lost also the benefits of dispersal to wheat from overwintered teliospores in 
barberry areas. Although 15B has been known in North America since 
before 1939, it was not until 1950 that it suddenly became widely prevalent. 
Evidently earlier collections of race 15B could attack barberry (2, 4) but there 
is insufficient evidence to demonstrate how much of the present race 15B popu- 
lation cannot attack barberry. Additional evidence, presented here, indicates 
that avirulence to barberry may be widespread in 15B and present in other 
races. 





Infection Studies 


The most direct way to secure evidence on the reaction of barberry to specific 
rust races is to produce teliospores of these races in the greenhouse in pure 
culture, germinate them, and inoculate barberry with their sporidia. Only 
a limited amount of evidence has been secured in this way for race 15B because 
teliospores are not readily produced by most cultures of this race and, when 
produced, are often not readily induced to germinate. 

Direct evidence of this kind was, however, obtained from two cultures of 
race 15B-4 (Can.)._ This subrace is distinguished from other strains of race 
15B by its virulence on the durum wheat variety Golden Ball, which is not 

1Manuscript received January 15, 1958. 

Contribution No. 1657 from the Botany and Plant Pathology Division, Science Service, 
Canada Department of Agriculture, Ottawa, Ontario. 

2Plant Pathology Section, Canada Department of Agriculture Research Laboratory, Win- 


nipeg, Manitoba. 
3Canada Department of Agriculture Research Laboratory, Winnipeg, Manitoba. 
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attacked heavily by other strains of the race. Two barberry plants were 
inoculated with a culture collected at Kenton, Manitoba, in 1952, but only 
eight infections were obtained, all of a resistant type (Table I). Similarly, 
a barberry plant inoculated with a culture collected at Lyleton, Manitoba, in 
1954, showed only three resistant-type infections. 


TABLE I 


INFECTION OF BARBERRY IN THE GREENHOUSE BY STEM RUST FROM DIFFERENT SOURCES IN 
APRIL AND May, 1956, AND JANUARY, FEBRUARY, MARCH, AND APRIL, 1957 

















No. of : 
barberry No. of No. of Races of 
Date telia plants susceptible resistant wheat stem 
Source of telia collected inoculated infections infections rust isolated 
Field collections 
Stems of Vernal Apr. 24, 1956 3 0 25+ — 
Stems of Vernal May 1, 1956 | 0 113+ — 
Stems of Einkorn Apr. 24, 1956 4* 8 Many 2,10,11 
Stems of Einkorn May 1, 1956 3 0 Many — 
Agropyron repens May 11, 1955 E Many 0 t 
Hordeum jubatum May 11, 1955 2 Many 0 Tt 
Stems of 1953 X Lee Sept. 20, 1956 + Many Many 10,32 
Stems of Lee Sept. 20, 1956 6 Many Many 3,11,14,17,24, 
32,36,143 
Stems of Reliance Sept. 20, 1956 3 89 0 11,29,30,32,36, 
38,44 
Stems of Mentana Sept. 20, 1956 2 Many 0 No 15Bft 
Known races§ 
Race 15B-4 (Can.) Feb. 2, 1956 2 0 8 -- 
Race 15B-4 (Can.) Feb. 17, 1955 1 0 3 — 
Race 48A Feb. 2, 1955 1 29 85 -- 
Race 48A Nov. 24, 1955 1 0 20 — 
Race 29 May 2, 1956 1 2 16 — 
Race 29 Feb. 21, 1956 1 2 8 — 
Race 29 Feb. 21, 1956 1 3 1 -- 





*Late shoots of a plant inoculated on May 25, 1956, were inoculated with sporidia from 
teliospores on Hordeum jubatum L. and were found to be quite susceptible. This rust was 
chiefly rye stem rust. 

tInoculations from aecia proved that this was rye stem rust. 

{Transfers of aeciospores to a group of wheat varieties that included Lee and Vernal showed 
that no 15B was present. Races could not be identified because all the differential hosts 
were not used. 

§See text for origin of these cultures. 


Another means of securing evidence on the reaction of barberry to race 15B 
is to select teliospores for infection studies from wheat varieties grown in the 
field but known to be selective for race 15B. One such variety is the emmer 
variety Vernal (Triticum dicoccum Schubl.). In 1955, this variety was heavily 
rusted by natural infection in a plot near the Plant Pathology Laboratory at 
Winnipeg. 

Physiologic race studies provide reasonably conclusive evidence as to the 
identity of the rust on Vernal. The plots from which the rusted straw was 
collected were not artificially inoculated with stem rust and, as they were at 
a distance of 400 yd. from the nearest artificially inoculated nursery, there is 
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reason to believe that the teliospores produced on Vernal came from natural 
infection. Inthe 1955 survey only races 11, 15B, 29, 48A, and 56 were isolated 
from Manitoba collections. Of these races the only one likely to produce telia 
on Vernal is race 15B. This was the predominant race in Manitoba, con- 
stituting more than 75% of the isolates. Even if the 400-yd. distant, artifi- 
cially inoculated nursery had contributed some of the infection, it is likely 
that this infection would have been produced principally by race 15B, as 
that race accounted for 30 of the 92 isolates taken from that nursery. The 
only other race virulent on Vernal among the 92 isolates studied was race 87, 
which accounted for only nine of them. Consequently, there is little doubt 
that nearly all the rust on Vernal was race 15B. 

Teliospores collected on April 24 and May 1, 1956, germinated well and were 
used to infect barberry plants by methods described earlier (1). Three plants 
were inoculated with the rust collected on April 24. Two of these failed to 
show any infection but a third showed more than 25 resistant-type infections 
ranging from small necrotic or anthocyanin-pigmented flecks to small groups of 
pycnia with necrotic margins. Four barberry plants were inoculated with 
rust on Vernal collected May 1. One of these showed no infection but on the 
three other plants 113 resistant-type infections were counted. 

Teliospores were also collected on April 24 and May 1 on the variety Einkorn 
(T. monococcum L.) growing adjacent to Vernal in the same plot. Although 
the rust on Einkorn cannot be identified with the same certainty as that on 
Vernal, the evidence is strong that the predominant race was 15B. Many of 
the races isolated from the artificially inoculated rust nursery and collected 
in farmers’ fields in Manitoba in 1955 can attack Einkorn but race 15B is the 
most virulent race on this variety. Since race identifications showed that 
over 75% of the stem rust inoculum in this area in 1955 was race 15B, it is 
reasonable to believe that at least 75% of the rust on Einkorn was race 15B. 

Four barberry plants were inoculated with the rust collected on Einkorn on 
April 24, and three plants with rust collected on May 1 (Table 1). Numerous 
infections of a resistant type developed on these plants but there were also 
present a few infections of a susceptible type. 

It seems likely that the resistant-type infections on barberries inoculated 
with rust on Einkorn were caused by sporidia of race 15B. There is evidence 
that the few susceptible-type infections were caused by races other than 15B. 
An essential property of race 15B, and one which differentiates it from nearly 
all other races found in Western Canada, is its virulence on the variety Vernal. 
Johnson and Newton (3) found that virulence on Vernal is a recessive char- 
acteristic governed by two pairs of factors. If the normal infections on bar- 
berries inoculated with the rust on Einkorn had been caused by race 15B, the 
intermixing of their nectar should have resulted in the production of aecio- 
spores of a race virulent on Vernal. Although transfers of aeciospores to 
wheat were made from these infections, no such race was isolated. 

There is no doubt that while this work was being carried out conditions were 
good for infection of barberry and for rust development. This is indicated in 
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Table I by the many normal infections obtained when barberry plants were 
inoculated with rust collected in the field on A gropyron repens (L.) Beauv. and 
on Hordeum jubatum L. 

More evidence of resistance in barberry to race 15B was obtained from 
inoculation studies with telia formed in the field in 1956. Teliospores were 
collected on September 20, 1956, on the varieties Lee and the hybrid 1953 
< Lee in the artificially inoculated rust nursery at Winnipeg. Eighteen 
isolates of race 15B and 13 of race 87 were identified from a total of 50 isolates 
from this nursery. The other races isolated were 11, 12, 29, 34, 48A, and 56. 
Since all these races except 15B produce small resistant-type infections on Lee, 
most of the rust on this variety was presumably 15B.__In the field, the hybrid 
reacted much like Lee and it is probable that most of the rust attacking it 
was also 15B. 

Three barberry plants showed numerous infections when inoculated with 
rust on the variety 1953 XK Lee. The infections varied from the resistant 
type to the susceptible type. Aecia developed on many of the susceptible-type 
infections but very rarely on resistant-type infections. Eighteen transfers from 
separate groups of aecia and six mass transfers of aeciospores to wheat did 
not reveal the presence of a race capable of attacking Vernal. Seven barberry 
plants displayed numerous infections when inoculated with sporidia from telio- 
spores collectéd on Lee wheat. Most of the infections were of the resistant 
type although susceptible-type infections also occurred frequently. Trans- 
fers were made to wheat from the aecia on six of these seven plants but races 
capable of attacking Vernal were not isolated. Evidently the susceptible- 
type infections were not caused by race 15B. 

In 1956, teliospores were collected also on the varieties Reliance and Men- 
tana, which are susceptible to many races including 15B. Three barberry 
plants, inoculated with sporidia from teliospores on Reliance, showed 89 
susceptible-type infections but no resistant ones. Three mass transfers and 
12 transfers from separate groups of aecia to wheat were made from these 
plants but all isolates were avirulent on Vernal. Two barberry plants inoc- 
ulated with sporidia from teliospores on Mentana were heavily infected but 
again only races avirulent to Vernal were isolated from nine mass transfers 
and six transfers from separate groups of aecia. 

A limited amount of evidence has been obtained with pure cultures grown 
in the greenhouse that avirulence to barberry is not restricted to race 15B. 
A culture of race 48A collected at Brandon, Manitoba, in 1954, produced 85 
resistant-type infections and 29 susceptible-type infections on one barberry 
plant. Another culture of race 48A collected at Brandon, Manitoba, in 1955, 
produced 68 resistant-type infections and 24 susceptible-type infections on 
two barberry plants. A barberry plant inoculated with race 29 collected at 
Dauphin, Manitoba, in 1955, showed 16 resistant-type and two susceptible- 
type infections; another plant inoculated with race 29 collected at Merrick- 
ville, Ontario, in 1955, had eight resistant-type and two susceptible-type 
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infections; a third plant inoculated with race 29 collected at Winnipeg, Mani- 
toba, in 1955, had three resistant-type infections and one susceptible-type 
infection. 


Discussion 


It is most unlikely that the resistance of barberry to race 15B may be 
accounted for by rust resistance only in the particular plants selected for 
tests with this race. No comparable resistance was found in plants inoculated 
with sporidia from teliospores collected on Hordeum jubatum, A gropyron trach- 
ycaulum (Link) Malte, A. repens, or in plants inoculated with wheat stem rust 
sporidia from teliospores on Reliance and Mentana, varieties that are not 
selective for race 15B. One of the barberry plants found resistant to race 15B 
was actually inoculated with sporidia from teliospores collected on H. jubatum 
(chiefly rye stem rust) and found to be susceptible (Table 1). There appears 
to be good evidence (4) that race 15B originated from barberry. The first 
Canadian collection of race 15B, obtained at Killarney, Manitoba, in 1946, 
caused normal infection of barberry. Resistance of barberry to this race has 
been detected only in isolates obtained since the general outbreak of the race 
in 1950. Results of tests made at Winnipeg in the last four years have been 
so consistent as to give the impression that avirulence on common barberry is 
a characteristic of most, though not necessarily all, cultures of this race. 

The evidence now available implies that race 15B has lost much of its former 
ability to infect barberry. If this is so, it would seem most probable that race 
15B, as it occurs now, is derived from one or more mutations towards avirulence 
to barberry. Since barberry, in recent years, has played a very much less 
important role than formerly in propagating stem rust in the Mississippi 
Valley states, it is quite possible that avirulence to barberry would have little 
or no adverse effect on the distribution of the race. 
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A NOTE ON THE RATES OF UPWARD TRAVEL OF MOISTURE 
IN TREES UNDER DIFFERING EXPERIMENTAL CONDITIONS! 


K. N. H. GREENIDGE? 


Abstract 


Observations bearing on the rates of vertical travel of moisture in normal and 
treated trees of several species are presented. Differences in the speeds of 
movement deriving from a specific experimental treatment are analyzed statis- 
tically, and brief consideration given to a particular aspect of the mechanism of 
moisture movement in trees. 


Introduction 


Studies in the physiology of forest trees were begun in Nova Scotia several 
years ago, and certain of the results obtained to date, bearing largely on the 
patterns of moisture movement and storage, have been published (3,4). These 
investigations are being continued, and in the following paragraphs the results 
of a preliminary reconnaissance survey of the rates of upward travel of moisture 
in trees of several species under differing experimental conditions are presented. 


Materials and Methods 


To measure the rates of upward travel, the lower boles of selected trees were 
injected with a dilute aqueous solution of acid fuchsin in the manner described 
by Banfield (1). After a specified time interval the trees were felled or dropped 
as requisite, the leading edge of the dye solution quickly bracketed, and the 
vertical displacement of the injection medium measured. Rates of travel 
were calculated from the measured displacement in the known time interval. 

Individual trees of the following species have been used in this study: 
balsam poplar, Populus balsamifera L.; yellow birch, Betula lutea Michx. f.; 
beech, Fagus grandifolia Ehrh.; American elm, Ulmus americana L.; sugar 
maple, Acer saccharum Marsh.; and red maple, Acer rubrum L. In diffuse- 
porous species, with the exception of balsam poplar, velocity determinations 
were made over a time interval of approximately two hours. In balsam pop- 
lar, however, the form of the typical tree and the high rates of travel charac- 
teristic of individuals of this species necessitated a reduction in the time 
interval to 45 minutes. 


Rates of travel were investigated in normal trees, and in others afforded ex- 
perimental treatment of various types. Selected trees of several species received 
two overlapping saw cuts prior to injection, the distance between the upper 
saw cut and the injection level being less than the length of the unit vessel in 
the species under consideration (Fig. 1). Other trees were severed at stump 
height, maintained in an upright position, and after an interval of 30 minutes 

1Manuscript received January 15, 1958. 
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or longer injected in the normal manner. In other cases the trees were severed 
at the stump, maintained in an upright position, given two overlapping saw 
cuts in the manner described above, and injected after an interval of 30 
minutes. In one series of experiments with detached sugar-maple trees the 
cone frustums were attached approximately 3 ft. above the butt surfaces, 
that is, about one vessel length above, whereas in the second series, the cone 
frustums were placed approximately 18 in. from the basal end of the trees. 

To investigate the possible effects of elastic expansion of peripheral tissues 
on the rates of travel following severance of the putative stretched water 
columns in the outer growth layers, a number of trees of several species were 
injected under water and the injection medium added subsequently. Rates of 
upward travel have also been investigated in sugar-maple trees, the root 
systems of which had been pruned some 12 weeks prior to injection. 

The technique outlined above is not particularly well suited to velocity 
determinations in ring-porous species. The procedure requires the utilization 
of very large trees, and in the interval required to inject and subsequently 
fell the tree and bracket the stain, the injection medium commonly reaches 
the upper terminals. However, this approach leads to the determination 
of velocities of the same order as those obtained by thermoelectric methods 
and radioactive techniques (2, 5). 


Observations and Discussion 


The salient features of the results obtained in this survey are outlined in 
Table I. For purposes of tabulation the calculated velocities have been 
rounded off to the next lowest even foot. The listed velocities were deter- 
mined under weather conditions ranging from fair to excellent over the interval 
from mid-June to mid-September. 

A comparison of the behavior of normal and treated trees indicated that in 
the four species investigated elastic expansion of peripheral tissues exercised 
little if any influence on the rates of movement. 

In trees one-half sawn through at two levels prior to injection the significance 
of the treatment varied between species. In sugar maple, red maple, and 
beech the differences in the rates of travel in treated and untreated trees were 
not significant. In elm the differences were significant on the 2% level and in 
yellow birch, below the 1% level. 

In sugar-maple stems detached from their root systems prior to injection, 
significant differences in the rates of travel in standing and treated trees were 
apparent only when the cone frustums were attached in close proximity to the 
sawn surfaces. Differences in the rates of movement in normal sugar-maple 
trees and in root-pruned material were significant on the 1% level. 


In elm it is possible that the significant decrease in the rates of movement 
following the double saw-cutting of the stem may be linked to structural 
considerations. In the case of yellow birch, however, the situation is rather 
less clear. For example, yellow birch and sugar maple are quite similar 
structurally, but only in the former species did double saw-cutting influence 








Fic. 1. Elm stem one-half sawn through at two levels prior to injection showing cone 
frustum in position, 
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significantly the rates of upward travel of moisture. However, in discussing 
the behavior of yellow birch, the possibility should be borne in mind that at 
least some of the individuals selected for study may have been in the incipient 
stages of dieback. 

Staining patterns characteristic of root-pruned sugar-maple trees are illust- 
rated in Figs. 2 and 3. Moisture commonly does not reach the terminals of 
trees thus treated when pruning and injection are separated by a period of 
several weeks. In addition, as noted above, rates of upward travel in pruned 
trees are significantly lower than those characteristic of normal trees. Results 
of this nature focus attention on the motivating forces responsible for water 
conduction under these circumstances. In this regard it has been shown 


TABLE I 


RATES OF TRAVEL IN TREATED AND UNTREATED TREES 











Diam. range Ht. range Rate No. of 
Species Treatment* (in.) (ft.) (ft./hr.) trees 
A. saccharum A 6-12 47-60 6-13 11 
A. saccharum B 7-11 46-58 8-13 10 
A. saccharum C 6-12 47-63 5-15 12 
A. saccharum D 5- 7 42-54 7-12 11 
A. saccharum E 6-7 42-51 6- 9 6 
4. saccharum F 6- 7 45-53 8-11 8 
A. saccharum G 6-7 47-54 5-11 8 
A. saccharum H 8- 9 52-57 5- 9 4 
A. rubrum A 6-11 55-65 5-15 8 
A, rubrum B 7-10 55-66 9-14 6 
B. lutea 1 5-10 46-54 3-16 10 
B. lutea B 6-12 47-56 5- 8 7 
B. lutea C 8-11 50-57 6-14 5 
F. grandifolia A 11-12 58 -64 12-14 3 
F. grandifolia B 6-12 50-59 6-12 7 
U. americana A 6-15 43-74 68-141 5 
U. americana B 8-13 45-56 51-— 84 6 
U. americana c 10-16 48-63 85-129 5 
P. balsamifera A 10-14 50-59 13-30 9 
P. balsamifera tg 9-13 55-69 15-30 6 
P. tremuloides A 11-13 58-60 9-13 2 





*Schedule of treatments: 

A — Normal injection. 

B — Stem one-half sawn through at two levels and subsequently injected. 

C — Injected under water and dye solution added subsequently. 

D — Stem severed from root system and subsequently injected; frustum fitted about 3 ft. 
from butt surface. 

E —As in D, frustum fitted about 1.5 ft. from butt surface. 

F — Stem severed from root system, one-half sawn through at two levels and subsequently 
injected; frustum fitted about 3 ft. from butt surface. 

G — As in F, frustum fitted about 1.5 ft. from butt surface. 

H — Root-pruned approximately 12 weeks prior to injection. 
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Fic. 2. Staining pattern characteristic of root-pruned sugar-maple stems. Sections 
taken at 2 ft., 6 ft., 12 ft., 18 ft., 24 ft., 30 ft., 36 ft., and 40 ft. above forest floor. 

Fic. 3. Asin Fig. 2; sections taken at 2 ft., 3 ft., 4 ft., 6 ft., 8 ft., 10 ft., 12 ft., 14 ft., 
16 ft., 18 ft., 20 ft., 22 ft., 24 ft., and 26 ft. above forest floor. 














GREENIDGE: MOISTURE TRAVEL IN TREES 361 


elsewhere (4) that moisture movement continues to the very surfaces of the 
stubs of trees from which the upper boles and crowns have been removed prior 
to injection. It would appear that, within the framework of the cohesion 
mechanism, the continued movement of moisture in root-pruned and detopped 
trees may be linked to a residual, transient free energy deficit remaining in 
the tree following interruption of the putative stretched water columns, either 
through rupture or mechanical means. 
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OCCURRENCE OF POLYPORUS LEUCOSPONGIA IN INDIA! 


B. K. Baxsui, B. Srincu, AND Y. N. Puri 


Abstract 


Polyporus leucospongia Cooke & Harkness, a wood-rotting fungus heretofore 
known only from montane and subalpine zones in North America, is reported to 
occur commonly in India in temperate regions above 6000 ft. in the Western 
Himalayas, on stumps and logs of Cedrus deodara, Picea morinda, and Abies 
pindrow. A detailed description is given of the fungus as it occurs in India as 
well as the culture characteristics displayed in pure culture. 


Polyporus leucospongia Cooke & Harkness is so far known only from 
montane and subalpine zones of North America, where it occurs commonly 
on stumps and fallen logs and is occasionally associated with the decay of 
softwood timbers in service. The fungus apparently has not been recorded 
elsewhere. The present record of the fungus in India from the Himalayas is 
therefore interesting because it indicates a disjunct distribution of the species. 
The fungus as it occurs in India is described. 

In India, P. leucospongia has been found to occur commonly in the Western 
Himalayas, in temperate regions, above 6000 ft. The fungus commonly 
causes decay of logs and stumps of conifers, namely, Cedrus deodara, Picea 
mortnda, and Abies pindrow. 

From collections made in this area the following description of P. leuco- 
spongia has been compiled. Sporophore annual, solitary or sometimes 
imbricate, 3-30 cm. or more long, 2—5 cm. wide, and up to 1 cm. thick, reflexed 
or effuso-reflexed (Fig. 9) with reflexed margin up to 1 cm., soft when fresh, 
rigid when dry, very light in weight; upper surface white or nearly so (‘pale 
ochraceous buff’), very soft, finely tomentose to mostly glabrous, wrinkled, 
azonate, margin rounded and inflexed; context white to ‘pale ochraceous 
buff’, up to 0.5 cm. thick, duplex with a light- or dark-brown narrow line 
dividing the context into an upper soft layer and a lower hard layer. Hyphae 
hyaline or nearly so, thick-walled with narrow lumen, sparsely branched, 
septate with clamp connections (Fig. 1), sometimes breaking off at the septum 
(Fig. 2), 3.6-5.1y broad; hymenial surface white to ‘pale ochraceous buff’, 
sometimes deepening to ‘light ochraceous buff’, pores 2-3 per mm., angular, 
irpiciform in certain areas, edges lacerate-dentate, pore tubes concolorous 
with the context, 1-4 mm. long. Basidia cylindric (Fig. 3), 3-4 broad; 
basidiospores hyaline, smooth, thin-walled, cylindric, often allantoid, guttulate 
(Fig. 4), 4-6 X 1-1.5u; hyphal pegs (Fig. 5) project up to 35u4 beyond 
hymenium. 

The type of rot produced is brown cuboidal. Tufts of yellow mycelium 
grow into crevices of the decayed wood. The fungus is said (Shope (3)) to 
cause white rot, but Overholts (2) describes the rot as the brown, carbonizing 
cubical type, which was observed in the present instance. 


1Manuscript received November 18, 1957. ‘ 
Contribution from the Forest Pathology Branch, Forest Research Inst., Dehra Dun, India. 
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Fic. 1. Thick-walled clamped hyphae with lumen small or obliterated. Fic. 2. 
Same type, broken at septum. Fic. 3. Basidia. Fic. 4. Basidiospores. Fic. 5. 
Hyphal peg. Fic. 6. Clamped hypha in culture. Fic. 7. Hypha in culture with 
simple septa. Fic. 8. Clamped hyphae containing oil globules on surface. All drawn 
under camera lucida, X 1250, except Fig. 5, X 400. 











The fungus was grown in culture and from such cultures the following 
description of growth characters was made. The fungus is extremely slow 
growing. In 2 weeks, radial growth on malt agar in dark is 1.2 cm. at 
25° C., 1.7 cm. at 16°C., and a trace at 10°C. The advancing zone is 
hyaline with aerial mycelium extending to the limits of growth. The mycelium 
is white, becoming ‘light buff’ after 3 weeks, loose, woolly, except on the 
inoculum, where it is compact and felty. Later, the mat becomes nodular 
and raised at places where round and irregular pores are formed (Fig. 10). 
On gallic and tannic acid agars there are no diffusion zones and growth is 
nil. On gentian violet agar growth is nil and the medium is not discolored. 

Hyphal characters. (a) Advancing zone: hyphae hyaline, thin-walled, 
branched, septate, with clamp connections, 1.5—3.5 broad; (6) aerial mycelium: 
(i) hyphae hyaline, slightly thick-walled to thick-walled with narrow lumen, 
branched, septate with clamp connections (Fig. 6), 1.5-3.5y broad, (ii) a few 
nonstaining hyphae, thin-walled with simple septa (Fig. 7), 1.5-3.5mu broad, 
(iii) plenty of dark-brown to nearly black oil globules adhere to the outer 
walls of the hyphae (Fig. 8); (c) submerged mycelium: hyphae same as in 
aerial mycelium, frequently break at the clamps like context hyphae; (d) fruit 
body forms readily in old cultures: (i) hyphae hyaline with thick refractive 
walls and very narrow lumen, branched, septate with clamp connections, 
(ii) basidia cylindric, 3-4 broad, (iii) basidiospores hyaline, thin-walled, 
cylindric to allantoid, guttulate, 4-6 X 1-1.5y (basidia and _ basidiospores 
similar to those found in fruit bodies in nature). 

The species is easily recognized by the white, spongy, and light fruit bodies, 
with a characteristic soft covering on the upper surface, the duplex context, 
and by the characters of hyphal pegs and spores. The fruit body retains 
moisture in the upper spongy layer for a long period and can therefore with- 
stand the effects of drying winds at high altitudes where the fungus is found 








Fic. 9. Sporophores of Polyporus leucospongia, showing hymenial and upper surfaces 
(X1). Fic. 10. Culture of P. leucospongia 6 weeks old, showing mat and_ poroid 
fruiting area (4/7). 
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(Weir (4)). The very slow growth of the fungus, the character of the white 
mat, clamped hyphae containing dark-brown oil globules on the surface, and 
pored fruiting areas serve to distinguish the fungus in culture. Though the 
fungus is common in N. America, it has not been fully described in culture. 
Baxter (1) illustrates it in culture and states that it does not grow well at 
room temperatures but develops best at 7—10° C. 

Identity. A North American collection of P. leucospongia determined by 
Wm. Bridge Cooke was examined at the herbarium of S. R. Bose, Calcutta. 
With this, the present collection agrees in all respects. Also the descriptions 
and illustrations of the fungus fully agree with those of the Indian specimens. 
The identity of the fungus has been confirmed also by Dr. Ruth Macrae, 
through the courtesy of Dr. Mildred K. Nobles, of the Science Service Labora- 
tory at Ottawa, Canada. Our sincere thanks are due to both. 
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THE BIO-ELECTRIC POTENTIALS OF PLANTS AND THEIR 
FUNCTIONAL SIGNIFICANCE 


II. THE PATTERNS OF BIO-ELECTRIC POTENTIAL AND EXUDATION 
RATE IN EXCISED SUNFLOWER ROOTS AND STEMS! 


D. S. FENsom? 


Abstract 


Measurements of rate of exudation and also of biopotentials have been made 
with excised corn roots growing im vitro and with excised sunflower root-stem 
preparations growing in pots. Exudation cycles have been found to be con- 
trolled by factors endogenous to the living plant. Biopotential cycles correlated 
with the exudation cycles with maximum exudation at the time when the exudate 
electrode was most negative. Freshly excised green sunflower stems showed 

water absorption concurrently in both ‘ends with the rates of water movement 

variously influenced by air speed, temperature, and light. Biopotential changes 
were again closely correlated with changes in water movement. The electro- 
kinetic theory of transport will consistently account for all these observations. 


Introduction 


In 1948, certain electrical potentials existing naturally in clay (1) were 
reported as the cause of local water movements in soil. When it was found 
that similar potentials existed in living plants, the possibility of an electro- 
kinetic mechanism was considered as a contributory cause of transport. The 
contributions towards such a theory and the objections to it have been dis- 
cussed previously (4). If such a mechanism were to exist, there must be cor- 
relations between the cycle of transport rate and the cycle of electrical potential 
gradient in living plants. Earlier publications of biopotentials and the pre- 
liminary survey made at this laboratory on trees showed that the biopotentials 
existing in a tree are very complex. While some investigators could reasonably 
claim that there was no correlation between tree potential and temperature, 
light, humidity, etc. (2, 8), it did not appear at all certain that transport was 
unrelated to electrical activity. 

To investigate this problem a program of work was devised which would 
allow the exploration of biopotentials in systems simpler than intact trees, 
yet ones which were complex enough to show water movements readily. Two 
systems were suggested: excised roots grown in vitro, and excised sunflower 
plants grown in earth; the first because Philip White (12, 13) had discovered 
that roots will pump liquid against high pressures in a cyclic fashion, the 
second because Grossenbacher’s careful reinvestigation of this question (5, 6) 
had shown that sunflower root-stem preparations give daily cycles of exuda- 
tion. This program of work is described below because it is thought to show 
patterns and correlations of biopotentials not previously reported, and because 
it may throw further light upon flow activation in roots and stems. 


1Manuscript received February 4, 1958. 
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Excised Roots Growing in Vitro 

Method 

In this first part of the program, the techniques of White (12, 13) were 
followed as closely as possible. Seeds of hybrid corn (Zea mays L. ‘‘Golden 
Rocket’’) were germinated on agar gel in sterile conditions. The roots were 
then excised and transferred to flasks of sterile nutrient solution where they 
were grown at a temperature of 22°C. The root tissues were further excised 
after they had been vigorously growing for from 3 to 10 days and each root 
was transferred to a capillary manometer. The manometer was returned to 
a fresh flask of sterile nutrient solution closed with sterile surgical cotton as 
shown in Fig. 1A. In all these procedures the electrodes were made of pure 
silver coated with silver chloride and connected to the solutions by bridges of 


0.9% NaCl in agar gel (2). 
_{ 
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Fic. 1. Experimental arrangements. 
A. Excised root in vitro solution. 
B. Sunflower root-stem preparation in soil. 
C. Excised sunflower stem suspended between two potometers. 
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FENSOM: BIO-ELECTRIC POTENTIALS. II 


Results 

Because White’s special tubes and clamps were lacking, difficulty was ex- 
perienced in attaching the root tips tightly to the manometer without damage 
to tissue. When this was successfully completed, contamination of the nu- 
trient solution by molds and possibly the submersion of the root in the solution 
frequently caused death in a day or two after the second excision. None- 
theless the few experiments in which attachment was successful and con- 
tamination avoided are worthy of mention since their results indicate a cor- 
relation between root pumping and biopotential cycles. 

In Fig. 2 is shown the pumping of fluid into the manometer by a corn root. 
The corn roots were 30 mm. long at the start and the cycle of the typical one 
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Fic. 2. Daily cycles of potential difference and pumping of corn roots growing in vitro. 
The potential difference scale for each root is shown separately. Since the manometer 
electrode (exudate) is negative to the solution when readings are above zero, Root 1 
potentials (at bottom) show the exudate electrode always negative while Root 2 (at top) 
shows the exudate potentials positive. In each case the exudate is most negative at time 
of maximum pumping rate and slowly becomes more positive as time passes. 
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shown in Fig. 2 is less pronounced than the pumping cycle obtained from 
tomato roots but is nonetheless of the same general pattern as that reported 
by White. By taking the slope of this curve, pumping rates were obtained 
and are plotted at the bottom of Fig. 2. This may be compared with the 
biopotential curve for Root 1 or for a similar root such as Root 2 which had 
the general level of potential for the upper electrode more positive than did 
Root 1, but similar in cycle (see caption for Fig. 2 for the scales used). These 
curves show that the time of maximum pumping by the root coincides with 
the time when the potential of a root exudate is most negative compared to 
the external medium. 

At this point it became apparent that the technique involved in studying 
decapitated sunflowers was better suited to the available facilities and so 
further work with excised rootlets growing in vitro was suspended. 


Decapitated Sunflower Plants 
Method 

Sunflower seeds (Helianthus annuus L.) were planted three to a flower 
pot in May of three successive years and were allowed to germinate both in 
the laboratory at relatively constant temperature and out of doors. When 
the plants reached a height of about 60 cm. with flower buds opening and 
five sets of leaves displayed, the stems were decapitated and the stumps 
connected up to electrodes and to capillary potometers (1 mm. bore) as shown 
in Fig. 1B. While the pots were kept in the laboratory, they were watered 
from the base only by allowing the pots to sit in aluminum pans with 3 in. 
water maintained in them. Readings of potential between the moist earth 
and the exuding solution were measured with a Coleman electronic potentio- 
meter (converted pH meter) and the potometer readings were taken by intro- 
ducing an air bubble into the capillary system. 

Over 15 plants have thus been studied. The results shown in Figs. 3, 4, 
and 5 are typical and the other plants showed very similar cycle patterns. 
Potential measurements could be duplicated to within 1 mv. on any one system. 
The potentials refer to the internal circuit in the plant, hence a ‘‘negative”’ 
area will indicate a surfeit of electrons compared to a ‘‘positive’’ area inside 
the plant. Flow readings could be measured reproducibly to 0.2 mm. per 
minute (two significant figures). 


Results 

No technical difficulty was experienced in obtaining exudation cycles from 
the decapitated stems. Plants grown out of doors showed stronger cycles 
than those grown entirely in the laboratory. A few plants which were de- 
capitated after they had stopped active stem growth did not exude, nor did 
some which had been decapitated very high up. 

The exudation cycles were similar in pattern to those observed by Grossen- 
bacher (6) and were also similar to the pumping cycles on root tips grown 
in vitro. As before, these exudations have been converted into rates of linear 
flow for graphic representation. 
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The first plants, of which S-1, August 13 to 15 in Fig. 3 is an example, were 
decapitated 15 cm. above the ground. These plants exhibited a strong exuda- 
tion with a very regular pattern reaching a maximum rate around 11 a.m. 
(the time of maximum light in the east-facing laboratory). The electrical 
potential curves were more complex but showed an unmistakable daily rhythm 
of which the most prominent single feature was the minimum (i.e. maximum 
negativity) recurring every day at the time of maximum pumping. On the 
first day after decapitation (August 9) water was absorbed and the upper 
electrode was negative to the soil. Exudation occurred each day thereafter 
and from the same point of time the exudate (upper electrode) became and 
remained positive to the soil. The pattern of electrical cycle in this group 
of experimental plants showed a tendency for the exudate to become steadily 
more positive to the soil from day to day while a sharp but temporary shift 
towards the negative continued to occur at the time of rising exudation rate. 
The recovery from maximum negativity was not as simple as its onset but 
exhibited complexities which took the guise of relapses from the high rate of 
recovery, thus producing humps in the recovery or afternoon phase of the 
cycle. The pattern of the exudation cycle on the other hand was quite simple 
in both morning and afternoon phases but even while still maintaining period- 
icity the amplitude of the rise and fall of rate tended to diminish from day to 
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Fic. 3. Daily cycles of potential difference and of exudation rate of S-1, a typical sun- 
flower plant. August 13-15, decapitated 15 cm. above ground on August 9; August 20- 
22, same plant decapitated 2 cm. above ground on August 18. 
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day. This is what might be expected in a decapitated specimen in which 
the functional gradients must have been perturbed and the fully physiological 
state was being progressively impaired. 

After 10 days of measurement with the stem 15 cm. in height the plants had 
13 cm. of green stem removed and the stump covered with rubber tubing 
connecting to the potometer. This was on August 18 and the exudation rates 
immediately became much less and decreased to the amount shown on the 
right side of Fig. 3. The mean electrical potential of the exudate was now 
some 20 mv. less positive to the ground than it had been before the second 
decapitation but the rate of increase was not lessened. The particular elec- 
trical complexities which may be seen in the figure are similar to those which 
occurred before the second decapitation. They are thus typical of patterns 
produced by endogenous factors in the more nearly intact plant and this is 
further evidence that the patterns are not entirely the result of some artifact 
of the measuring system. 

A further plant, S-3, the data for which are shown in Fig. 4, was decapitated 
in the first instance 2 cm. above the ground and its cycles were found to exhibit 
the characters of both types manifested in Fig. 3. Exudation rates were high 
for 2 days after decapitation, but then dropped markedly on the third day and 
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S-3, 1954, and S-5, 1956; decapitated 2 cm. above ground and completely protected from 


light and air movement. 
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faded away on the fourth. This would be expected to result if exudation were 
being maintained by the concentration of endogenous substrates supplied 
originally by the stem, which became rapidly depleted on August 24 and 25 
until they fell below an effective threshold value on August 26. In the case of 
S-5 (grown indoors 1956), which is also shown in Fig. 4, exudation rates fell 
off immediately after decapitation and never recovered. This, is might be 
noted, is probably due to the adverse effects of indoor culture upon nutritional 
conditions and metabolic state in stem and root. 

An intermediate experiment on decapitation is shown in B-1 and B-2 plants 
in Fig.5. These plants were grown more slowly than S-5 and were decapitated 
on July 13. Exudations continued for 10 days but were fading away on July 
23 when the experiments were discontinued. In this experiment (unlike the 
Fig. 3 and Fig. 4 plants) the plants could receive sunlight for 1 hour on the 
2 cm. of stem exposed, and it was noticed that B-1 exudations became very 
faint on dull days (July 15 and 16) but started up again on July 17, which was 
very bright. This suggested that exudation cycles might be affected by 
changes in light intensity and so both plants were left in semidarkness (3 ft-c. 
maximum) for 24 hours on July 20. The exudations of B-1 decreased im- 
mediately and faded out on the following days. B-2, the stronger specimen, 
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Fic. 5. Daily cycles of potential difference and of exudation rate for sunflower plants 
B-1 and B-2, 1955, decapitated 2.5 cm. above ground. (Two centimeters of stem exposed 
to light and air.) Effect of dark cycle shown on July 20. 
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also showed greatly reduced exudation, which recovered to some extent the 
following day on exposure to light. A roughly corresponding perturbation of 
the electric cycles was observed. 

These experiments seem to be in accord with the idea that root-stem prep- 
aration exudations are the result of metabolic functions of the cells and may 
be high when the food reserves of the root are high or when the stem sends 
fresh food supplies to the root. On the other hand, gradual exhaustion of 
factors which act in proportion to concentration would account for gradual 
modification in exudation such as the reduction in peak of S-1, Fig. 3 on August 
15; S-3, Fig. 4. on August 25; and B-1, Fig. 5 on July 19 and 21. But these 
factors would seem to operate according to a threshold law capable of inducing 
sudden modifications of the cycle such as S-3, Fig. 4 on August 26, or S-5, 
Fig. 4 on June 25, or B-1, Fig. 5 after the dark cycle on July 20. 

All of these experiments on decapitated root-stem preparations showed a 
correlation in cycle between root exudation rate and the biopotential between 
the exudate and the soil. The patterns of biopotential shown in Figs. 3, 4, 
and 5 are quite typical except for the first day after decapitation, which will 
be discussed below. While the exudate tended to become more positive on 
the average over a period of time, as with the earlier work on excised roots, 
the exudate became more negative each day as the cycle of pumping rate 
maximated. Moreover the synchronization of changes in exudation and 
potential became, on the whole, more closely correlated with curtailment in 
the amount of exudation (see Fig. 3, compare August 15 before stem removal 
with August 21) as the length of green stem was reduced. The reduced light 
on July 20, Fig. 5, also showed reduced potential fluctuations and the reduced 
flows of August 26 or June 25 on Fig. 4 were associated with reduced amplitude 
in biopotential cycle. These biopotentials would also seem to be related to 
vital metabolic functions of the living cells, but in a more complex manner than 
the exudations. 

Immediately after decapitation the biopotentials were not consistently 
related to exudation as they were after the first day. The upper electrode was 
always at this time highly negative, and this in itself is consistent with the 
well-known electrical negativity of cut or injured tissue. Hence for the first 
hour or two after excision a healing effect is probably superimposed upon the 
other bio-electric patterns of a plant. Such effects may be seen for S-3 and 
S-5 in Fig. 4, though in these cases the biopotentials were more regular than 
is sometimes the case on the first day. 

Before the root-stem preparations are left, the effect of decapitation experi- 
ments at various levels should be summarized. Exudations were small when 
the decapitation was made 2 cm. above the ground and potential cycles tended 
to be regular with the upper electrode 10-40 mv. positive to the electrode in 
the ground. At 15 cm. above ground level the exudations were about maxi- 
mum for these stems and the potential cycles were now displaced with the 
upper electrode more positive (reading 20-60 mv.) but the cycle appeared 
somewhat less regular than before. At 25 cm. above the ground (this was 








se 
1g 
3; 


»d 


nd 
an 


ri- 
en 
ed 


in 


he 
ed 














FENSOM: BIO-ELECTRIC POTENTIALS. II 375 


above the cotyledons) exudations were smaller and the upper electrode was 
on the whole less positive (reading 10-30 mv.). At 35 cm. above the ground 
only water absorption into the cut stem was observed. The upper electrodes 
were still less positive (reading 10-30 mv.). At 5 cm. from the top the upper 
electrode was consistently 20 to 40 mv. negative to one at the base in these 
60 cm. green-stemmed plants. 

In order to see what might be the contribution of stems to the observed 
biopotentials, the next and final part of this survey was concerned with experi- 
ments on isolated excised stems. 


Excised Sunflower Stems 


Very, little water movement was observed when a distilled water reservoir 
was connected to the top of a vertically placed, excised stem and a potometer 
wired to the base. However, when this setup was reversed, i.e. with the poto- 
meter at the upper end and the lower end of the stem suspended freely in a 
beaker of distilled water, movement of water through the stem became appreci- 
able as water was absorbed from the potometer in a downward direction. 
Accordingly 12 green stems with and without foliage were hooked up in this 
fashion and their potentials measured. Typical results are given in Fig. 6 
where the stem was 17 cm. long without foliage. 
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Fic. 6. Typical fluctuations in potential difference across excised stems, plotted on the 
same time axis as flow rate of water into the stem (water absorption rate). July 27, very 
tight rubber connections on 17 cm. of stem; July 29, recut to 15 cm. and set up with 
— pressure on connections. (No leaves.) Potometer at top end; bottom end 
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As with all other sunflower stems studied, water was absorbed by the stem 
corresponding to Fig. 6. The potentials were found to have the upper elect- 
rode negative to the electrode at the base. As usual, healing effects were 
observed after an excision (when the cut end is always negative to other tissue). 
In 12 hours the potentials seemed to have stabilized, though each preparation 
showed its own peculiarities. A tightened rubber connection to the stem made 
the potential level at that end become more negative. 

These experiments disclosed that the stem potentials became excited at 
the time when changes in flow were noted, and these could also usually be 
associated with change in light intensity. This may be seen in Fig. 6 as 
daylight activated the stem S-4 on July 27. Both water movement and poten- 
tial curves were smooth at night. Since the laboratory windows face north- 
east and full sun only fell or the stems between 8.30 and 10.30 a.m., the typical 
fluctuations of flow and potential are associated with that time. The potential 
fluctuations showed good correlation with the flow on July 29, but less on 
July 27. This last condition seemed to be associated with too tight attach- 
ment to the potometers, and was observed in two out of 12 experiments. 

Careful observation showed that the reversed flow which occurred when the 
stem was suddenly exposed to sunlight was not simply expansion due to heat 
in the fluids either of the potometer or of the preparation but was a real 
physiological phenomenon. When sunlight was suddenly allowed to fall on 
a green stem, the rate of water movement into either end of the stem dropped 
markedly in 1 minute and stayed down for 2—3 minutes before increasing again. 
But it did progressively increase and this is the important fact denoting phy- 
siology. When the sunlight was as suddenly withdrawn, the flow rate into 
the stem increased rapidly for 1 or 2 minutes, which might conceivably have 
been a simple temperature effect, but this was quickly superseded by a pro- 
longed decline which must have been physiological in origin. These reverse 
changes were noticed on all green stems, but were most prominent on stems 
without foliage. In one leafless preparation a reversed flow (i.e. outward) of 
up to 5 mm. per minute was recorded before the apparent stem temperature 
had risen 1°C. Control potometers without stems indicated very small and 
slow changes in capillary volume of a different order of magnitude, and air 
bubbles in the liquid column did not show appreciable expansions to account 
for the rate change. The two most plausible explanations would seem to be 
either a change in the rate of gas evolution inside the stem or a change in rate 
of liquid movement through the living green tissue. It should also be recorded 
that the first change in biopotential could usually be noted within 10 seconds 
of a major light change and 40 to 100 seconds before a flow change. The 
electrodes were both wrapped and shaded to minimize any thermocouple 
effects which might remain, though this appeared to be less than 1 mv. 

In all the figures except Fig. 2, the biopotential scales are marked with the 
upper electrode positive towards the top of the page. The negative figures 
in Figs. 6, 7, and 8 mean that the actual biopotentials along these stems were 


in a direction to maintain the upper electrode negative to the base. Again, 
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a tighter manometer connection always made the tissue at that end more 
negative and, since stem S-4 had a connection at the top only, its upper elec- 
trode always tended to be highly negative. 

It was then decided to study flow at both ends of the stem simultaneously 
and so the apparatus was modified to that shown in Fig. 1C. 


In this final arrangement the distilled water reservoirs were maintained at 
equal levels at each end of the stem. Fourteen stems were examined in this 
fashion, with and without leaves, and the results were remarkably consistent. 
The cycles of water absorption and biopotential are shown over 3 days for 
the 1956 stem S-5 in Fig. 7. This stem was 4 mm. in diameter and 21 cm. long 
and had one set of two opposite leaves. Other stems showed parallel cycles 
to S-5, but the fewer the leaves the less the volume of water absorption from 
the base. 

The first correlation which may be noted from Fig. 7 is that between water 
absorption into the top and bottom of the stem. Maximum flow into the top 
of the stem was always accompanied by maximum flow of water upwards, 
though the reverse might not always occur. In many cases the top absorption, 
which is shown above the zero line in Fig. 7, was a reduced mirror image of 
the bottom absorption, which is shown below the line. The potential, how- 
ever, now showed a pattern in close phase with the upward flow. Again, a 
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Fic. 7. Daily cycles of potential difference and flow rate of water into top and bottom 
of a cut sunflower stem (with one pair of leaves). Potometers at both ends. 
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close examination of the data showed that the potential changes usually pre- 
ceded flow changes by some 30 seconds. Both flow and potential cycles were 
clearly light sensitive. Controls maintained in the dark showed very little 
deviation either of flow or of potential. 

One other point might be noted. When the downward absorption into 
the top of the stem was relatively high, the level of potential of the upper 
electrode was often Jess negative than in cases with small flow (compare the 
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Fic. 8. The variation of potential difference and flow rate into a cut sunflower stem 
(no leaves) with change of air speed, temperature, and light. S-11 control stem (24° C., 
80% R.H., 27 ft-c.). S-10 (air speed increased to 13 ft./sec. with fan on, direct ther- 
mometer temperature rose to 33° C. with heater on, illumination 250 ft-c. with light on one 
side of stem). Potometers at both ends. 
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afternoon changes of June 25 with June 26 in Fig. 7). This suggests that the 
observed potential is the resultant of processes connected with the algebraic 
sum of upward and downward water movement. 

The final experiments were performed in an attempt to assess the individual 
contributions of light, heat, and air speed on flow and potential patterns. 
Again, for the sake of brevity only one set of curves is shown in Fig. 8 but the 
others were almost identical in pattern. 

Sets of stems were maintained for 2 days at constant light intensity of 27 
ft-c., a temperature of 24° C.+0.5°, and a corresponding relative humidity of 
80%. In the first 24 hours the normal levels of water absorption and potential 
were established and found to be constant with the upper electrode slightly 
negative. On the second day air speed, temperature, and light were succes- 
sively changed. Increased air speed which would be expected to cause in- 
creased evaporation and increased ‘‘transpiration pull’’ without direct effect 
on metabolism did increase the water absorption rate into the bottom of the 
stem. The potential difference, however, either remained unchanged or 
diminished slightly (i.e. the upper electrode became less negative). 

With the application of heat with concomitant metabolic effect (by holding 
a 4 in. hot plate at 400° C. in a vertical position 3 in. to the side of the horizontal 
stem) the increase in water absorption was accompanied by an increasing 
potential between top and bottom. The potential usually diminished sharply 
at the onset of heat and increased suddenly when the heater was removed. 
Under these conditions an increase in resistance in the stem could also be de- 
tected. A mercury thermometer held beside the stem showed a temperature 
rise of 10° C. over that of the room in the first 5 minutes. Thereafter the 
thermometer temperature remained constant. 

Increased light intensity (from 27 to 250 ft-c.), again with direct metabolic 
effect, also increased the water absorption at constant temperature. In this 
case a sudden increase in light caused the potentials to increase (i.e. the top 
became more negative) while the reverse occurred when light was removed. 
This change was opposite to that found when heat is applied though both 
increased heat and light were correlated with increased magnitude of potential. 
It was not possible to separate the heat from light radiation. During this 
treatment the mercury thermometer held beside the stem showed a slow tem- 
perature rise of 2° C. in the first 4 minutes. The temperature reached its 
maximum of 6° above room temperature after 20 minutes of illumination and 
remained constant thereafter. Since the stem probably absorbed radiant 
energy much better than the thermometer, heat effects must have become quite 
substantial. Hence the chief differences between heat and light will show up 
mainly at the start and finish of this experiment. 

The control, S-11, maintained steady flow and potential except when small 
air speed or light changes were received from S-10, which was set up 3 ft. away 
from S-11 on the same bench. This showed that in stems the patterns of 
change of water movement rate and potential were not inherent in the plant 
but were determined by external factors acting upon the tissues. Moreover, 
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it also suggests that at least a part of transpiration (the temperature—light 
related portion) is an ‘‘active’’ mechanism and is unlike the straight evapora- 
tion effect caused by increased air speed. 


Discussion of Results 


We now consider the results of these studies on isolated root cultures, root— 
stem preparations, and isolated stems in order to see whether they are con- 
sistent with the electrokinetic theory of transport developed elsewhere (4). 
In the first place, root exudations would appear to be dependent on physio- 
logical factors endogenous to the living plant which modify with time but 
which may reach a point of virtual exhaustion whenever the factors fall below 
a certain threshold value. These factors are probably related to food supply, 
to growth, and to respiratory oxidation rates. White (13), Grossenbacher 
(5, 6), Rosene (9, 10), and Lundegardh (7) have all previously noted a correla- 
tion between root transport and root oxidation processes and the dependence of 
the former process upon energy liberated in the latter has been inferred. 

The cycle exudation was minute in short rootlets cultivated in vitro by 
comparison with normal root systems having the stumps of stems attached. 
Correspondingly, with large attached stems and high light intensity upon them, 
the exudation of root-stem preparations became large. Exudations appeared 
to be greatest when sunflower plants were decapitated about 15 cm. from the 
soil. This agrees with the findings of Grossenbacher, who noted maximum 
exudations when decapitation was made near the position of the cotyledons 
(6). At progressively higher positions, decapitation resulted in progressively 
reduced exudation and eventually in water absorption. 

In excised stems water could not be forced through the stem by pressure but 
was found to be absorbed at both the top and the bottom cut ends. This 
indicated that the vessels were sufficiently septated in these green stems to 
set up high resistance to flow under pressure head. Also since the absorption 
into the top followed broadly the pattern of absorption into the bottom, being 
greatest in each case at the same time (though the upward absorption into 
the bottom was always greater in magnitude than that into the top), it appears 
that phloem transport was to a large extent correlated with the xylem flow 
of the transpiration stream. The rate of water movements could be altered 
by change in temperature and by light intensity as shown above. Air-speed 
increase augmented transpiration, particularly the xylem part of it, since the 
upward absorption rate changed relatively more than the downward (Fig. 8). 

All these sap movements fit in with the idea that an appreciable proportion 
of root pumping and stem transport are ‘‘vital processes” in the sense that 
they are controlled by the metabolic state of the living cells and dependent 
upon supplies of metabolically liberated energy. How then do these findings 
about sap movements fit in with the proposed electrokinetic theory of 
transport? 

According to this theory (4) changes in the rate of flow of xylem and phloem 
streams should be synchronized with appropriate changes in biopotential. 
The data show that this expectation is realized. Correlations in time between 
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potential changes and flow changes are clearly indicated in excised roots, in 
root-stem preparations, and in isolated stems. Jn vitro cultures of excised 
root apices have already been shown to exhibit a close positive correlation 
between exudation rate and respiration rate, which has been taken to denote 
the dependence of transport upon metabolically produced energy (13). 

According to electrokinetic theory, if flow is caused by biopotentials, the 
flow should be toward the negative terminal in cellular or protein channels. 
The present work has shown that increased rates of flow over short periods 
or cycles correspond to increased negativity in biopotential except for the 
low changes associated with increased air speed over the preparation. On the 
other hand, the general level of potential would often change progressively 
in the opposite sense over periods of several days (viz. potential of excised 
root 2, Fig. 2; potentials of root-stem preparations, Figs. 3, 4, and 5). This 
might be interpreted to mean that the flow mechanism was causing streaming 
potentials in such cases. However, there is another explanation of the data 
which is at once more probable and more far-reaching in its consequences. 
This is that there are two main parts to the biopotentials measured in root— 
stem preparations. One is obviously related to the metabolism responsible 
for the support of root pumping cycles with the upper electrode (exudate) 
negative to the base. The other would seem to be related to the metabolic 
cell activity of the living stem with its upper electrode positive to the base. 
This would account for the afternoon humps in the biopotential records (Figs. 
3, 4, and 5), the progressive trend to positivity of the top of growing stems 
(Fig. 3), and the reduction in positivity of the upper electrode when the S-1 
stem was further decapitated on August 18 (Fig. 3). 

It is evident that the sap flow which was measured in these experiments was 
the net flow through the xylem and phloem. Likewise the potential measured 
was always the algebraic sum of the various potentials generated in different 
parts of the preparation in association with metabolic activities that sustain 
healing, cambial growth, root tip growth, and axial gradients. Of these various 
potentials the net voltages existing axially in the preparation are the ones 
measured in these particular experiments. The axial gradients most probably 
originate in or near the conducting elements of the phloem and xylem. If the 
flow is electrically motivated, it follows from theory that for any given flow 
rate the greater the number of barriers in the conducting elements the higher 
will be the measured voltage. Thus, where xylem vessels or prevascular 
elements predominate over phloem and are very frequently septated, as, for 
instance, in or near the apical growing points of roots, the upper electrodes 
would be negative. When the xylem vessels are amply accompanied by 
phloem and are themselves relatively free from barriers, as in the stem below 
the cotyledons, the phloem potentials would be the greater and so would make 
the lower electrode negative. From this point of view the measured potentials 
would arise chiefly from the combined potentials of xylem and phloem and 
would comprise two main components localized correspondingly, manifesting 
opposed polarity and with a certain amount of ‘‘feedback”’ linking them to each 
other. 
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There seems to be good experimental evidence to favor this hypothesis. In 
the first place the potential patterns of the isolated root were: found to be 
relatively simple. But with the addition of a certain amount of stem, as in 
the root-stem preparations, the potential patterns became more complex. 
Next, the effect of the two main hypothetical components can actually be 
discerned in the potential patterns of root-stem preparations (Fig. 3). One of 
these, with the upper electrode positive, had a peak around 8.00 a.m. and a 
minimum in the evening. This was probably the ‘“‘phloem cycle’’ activated 
by the light and photosynthesis of full morning sun. The other component 
had the upper electrode negative and, as has already been noted, reached its 
peak around noon. These two components, combined into a ‘‘binary system”’, 
can still be traced in the stem potentials of Fig. 7 or Fig. 8. For instance in 
Fig. 7 on June 26 the potential pattern follows the flow pattern into the bot- 
tom of the stem, but has superimposed upon it variations which were in phase 
with the downward flow. Again in Fig. 8, when strong light was put on S-10, 
the potential pattern which in general followed water absorption into the bot- 
tom showed superimposed upon it a vibration in phase with water absorption 
into the top of the stem. 

There are two more points to note. By the electrokinetic theory, streaming 
potentials should be produced (upper electrode becoming more positive) when 
water is drawn or forced through vessels. This is experimentally brought 
about (see Fig. 8) by means of increase in air speed over the stems thus 
increasing the xylem flow of transpiration. Finally there still remains the 
possibility that all these potentials are produced by the result of the transport 
mechanism acting upon membranes in the plant rather than the reverse (11) 
(i.e. metabolic reactions change the membrane potentials which then change 
the transport (3)). This is a very difficult point to decide upon fully, but for 
the present the fact that potential changes precede flow changes by some 20— 
100 seconds suggests that endogenous, metabolic factors and the resulting 
change in membrane potentials are the cause rather than the effect of transport. 

With regard to the upper part of the sunflower stems, above the cotyledons 
the net stem potential (i.e. from a contact with both phloem and xylem ele- 
ments in a transverse cut) became steadily more negative as the growing point 
was approached. Thisseemed to be correlated with the water absorption prop- 
erties of these green stems. In these stems flow up into the stem was always 
greater than flow down through them and, since the upper electrode was found 
negative to the base, this suggests, if the electrokinetic theory is correct, that 
the net flow is motivated by the net biopotentials. In other words, at least 
a part of transpiration in green stems should turn out to be controlled by the 
endogenous, metabolic factors of the plant cells rather than by external 
water vapor concentrations. 

Conclusions 

It would seem that the root exudation phenomenon in sunflowers is a ‘‘vital’’ 
process, controlled by metabolic factors operating within the cells of the plant. 

Pronounced correlations exist between changes in rate of water movement 
and plant biopotentials. 
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The electrokinetic theory of transport will consistently account for all the 
observations and in particular can resolve the complexities of the cyclic varia- 
tions in electrokinetic potential manifested by root-stem preparations and by 
excised stems of sunflower plants. 
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STUDIES ON RUBUS VIRUS DISEASES IN BRITISH COLUMBIA 
V. THIMBLEBERRY RING SPOT! 


RICHARD STACE-SMITH? 


Abstract 


A ring spot mottling that occurs on the wild thimbleberry (Rubus parviflorus 
Nutt.) in British Columbia was proved to be caused bya virus. The virus was 
transmitted to thimbleberry, black raspberry (R. occidentalis L.), red raspberry 
(R. strigosus Michx.), and R. henryi Hemsl. & Kuntse. Three species of aphids 
belonging to the genus Amphorophora transmitted the virus, but the large rasp- 
berry aphid (A. rubi Kalt.) was not a vector. The name “thimbleberry ring 
spot”’ is proposed for the virus and the disease. 


Introduction 


During investigations into the virus diseases of cultivated Rubus species in 
British Columbia, the possibility had to be considered that wild Rubus might 
harbor the causal viruses. From time to time wild Rubus species were ex- 
amined for signs of virus infection. To date only one condition, a ring spot 
on thimbleberry (Rubus parviflorus Nutt.), has proved to be of virus origin. 
The condition was most prevalent in the Point Grey area of Vancouver but a 
few diseased plants were also found in other locations in the Fraser Valley. 
This paper describes the disease and the experiments concerned with it. 


The Disease on Thimbleberry 


The most striking symptom of the disease on thimbleberry is the irregular 
ring spot markings on the foliage. The rings are faint and small on the young 
leaves but pronounced and frequently as large as 10 mm. in diameter on the 
mature leaves (Fig. 1). There is considerable variation in the intensity of 
symptoms on individual leaves; some show no mottling or are only slightly 
mottled, while others show severe mottling accompanied by distortion of 
the laminae. There is also a variation in symptom intensity between plants. 
Plants bearing leaves that exhibit a mild ring spot pattern are not stunted 
and appear as vigorous as healthy plants. However, plants that bear severely 
mottled and distorted leaves are usually markedly stunted. 


Experimental 


Host RANGE STUDIES 

The infectious nature of the ring spot was proved by grafting scions from 
an affected plant to thimbleberry seedlings. The scions were inarch grafted 
and held in a vial of water until union was established. Three plants that 
were grafted in the fall developed ring spot symptoms the following spring. 

1Manuscript received January 27, 1958. 

Contribution No. 1660 from the Botany and Plant Pathology Division, Science Service, 
Canada Department of Agriculture, Ottawa, Ontario. 


2Plant Pathology Laboratory, Science Service, Canada Department of Agriculture, Van- 
couver, B.C. 
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Scions affected with ring spot were also grafted to black raspberry (Rubus 
occidentalis L.), red raspberry (Rubus strigosus Michx.), and Rubus henryi 
Hemsl. & Kuntse. These species were selected because they are commonly 
used as test plants for Rubus viruses. All were susceptible to the ring spot 
disease. 


Rubus occidentalis L., Black Raspberry 

Nine black raspberry plants of the variety Munger were grafted in the fall. 
When growth resumed in the spring, foliage on five of them exhibited distinct 
chlorotic mottling. Typical ring spot markings occurred on some of the leaves 
but more often there was a diffuse mottling (Fig. 2) rather than a definite 
pattern as on thimbleberry. Later, stem tips were killed back and the axil- 
lary buds at the base of the canes sprouted. The plants then had a bushy, 
rosette type of growth. 


Rubus strigosus Michx., Red Raspberry 

Three red raspberry plants of the variety Washington were grafted in the 
fall and symptoms appeared the following spring on two of them. Each plant 
showed a faint chlorotic mottling which took the form of irregular ring spet 
or oak leaf patterns (Fig. 3), similar to those on thimbleberry. Symptoms 
were pronounced on the foliage produced in the spring and less so on that 
produced during the summer. The infection appeared to have little effect 
on the vigor or cropping capacity of the plants up to 4 years after inoculation. 


Rubus henryi Hemsl. & Kuntse 

Two plants were grafted in May. In 7 weeks chlorotic spots developed on 
young expanding leaves (Fig. 4) of both plants. No symptoms developed on 
mature leaves. The terminal buds of affected canes failed to develop and 
became necrotic. The severe chlorosis and necrosis of the first few canes to 
show symptoms were considered a shock reaction. The symptoms were 
less severe as the virus spread to other canes, which showed either no effects 
or a few chlorotic spots on some of the leaves. 


VECTOR STUDIES 


Thimbleberry A phids 

Three Amphorophora species were found to occur commonly on thimble- 
berry. These were A. maxima Mason, A. davidsoni Mason, and A. parviflori 
Hill.* The latter is a new species being described by Dr. A. R. Hill. Colonies 
of the three species were established on diseased thimbleberry plants in the 
greenhouse. From these colonies aphids were transferred to thimbleberry 
or black raspberry seedlings. Ten aphids were placed on each test plant and 
allowed to feed for 24 hours. The results of these tests are given in Table I. 
All three species transmitted the virus to both species of test plants but the 
efficiency of the vectors was relatively low. 

’Aphid identifications were made by Dr. G. F. Knowlton, Utah State College, Logan, Utah, 


and Dr. A. R. Hill, Glasgow University, Glasgow, Scotland. 
‘Hill, A. R. A new species of aphid from Rubus parviflorus Nutt. (In manuscript.) 
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Fics. 1-4. Symptoms of thimbleberry ring spot on leaves of: 
Fic. 1. Thimbleberry (Rubus parviflorus Nutt.). Fic. 2. Black raspberry (Rubus 
occidentalis L.). Fic. 3. Washington red raspberry (Rubus strigosus Michx.). Fic. 4. 
Rubus henryi Hemsl. & Kuntse. 
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TABLE I 
RESULTS OF TRIALS TO TRANSMIT THIMBLEBERRY RING SPOT TO 


THIMBLEBERRY AND BLACK RASPBERRY BY USING THREE APHID 
SPECIES, 10 APHIDS PER TEST PLANT 








Test plant 








Species Thimbleberry Black raspberry 
Amphorophora davidsoni 1/30* 13/121 
Amphorophora maxima 1/124 16/143 
Amphorophora parviflori 2/40 6/88 





*Numerators indicate the number of transmissions; denomin- 
ators indicate the number of plants inoculated. 


On the thimbleberry seedlings typical ring spot markings (Fig. 1) appeared 
from 2 to 3 weeks after inoculation. On black raspberry seedlings the symp- 
toms appeared from 7 to 10 days after inoculation. Initially there was a 
slight downcurling of the tip of the seedling and a wilting of the partially 
expanded leaves beneath the tip. Some of the infected plants became necrotic 
at the tip but most of them recovered from the initial bending and wilting. 
The leaves on affected plants showed the same type of mottling as the leaves 
on the black raspberry plants that were graft-infected (Fig. 2). 

Preliminary experiments indicated that a 1-day transfer feeding was as 
effective as longer feedings and this period was used in most experiments. 

The number of insect transmissions was too low to permit precise studies on 
the persistence of the virus in the vectors. However, a few tests conducted 
with A. maxima provided some information about virus retention. Aphids 
were transferred from a diseased thimbleberry plant to 10 healthy black 
raspberry seedlings, allowed to feed for 24 hours, and then transferred to a 
second group of 10 plants on which another 24-hour feeding period was allowed. 
Four different colonies of A. maxima were used but only two proved to be 
viruliferous. The results, which are given in Table II, suggest that A. maxima 
loses the ability to transmit the virus during the first 24 hours after leaving 
the source of inoculum. 


The Large Raspberry A phid 

The large raspberry aphid, A. rubi, which is a vector of several raspberry 
viruses, does not occur naturally on thimbleberry nor will it colonize a caged 
thimbleberry plant in the greenhouse. However, aphids placed on the lower 
surface of a detached thimbleberry leaf in a moist Petri dish will feed to some 
extent. To test this species as a vector, aphids which had fed on infected 
thimbleberry leaves for a day were transferred to black raspberry seedlings 
where a 1-day transfer feeding was allowed. Fifteen test plants were used but 
none developed symptoms. 
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TABLE II 


RESULTS OF TRIALS TO DETERMINE THE ABILITY OF THE APHID 
A mphorophora maxima TO RETAIN THIMBLEBERRY RING SPOT VIRUS 





Time from virus source 


Colony number 0-24 hours 24-48 hours 
1 0/10* 0/10 
2 1/10 0/10 
3 0/10 0/10 
4 6/10 0/10 


*Numerators indicate the number of transmissions; denomin- 
ators indicate the number of plants inoculated. 


In other tests, raspberry aphids were allowed a 2-day acquisition feeding on 
leaves of infected Washington red raspberry and black raspberry. Aphids 
were then transferred from the virus source to black raspberry seedlings on 
which a 1-day transfer feeding was given. A total of 20 plants were inoculated 
from the red raspberry source and 74 from the black raspberry source. No 
transmissions resulted. Evidently A. rubi is not a vector of thimbleberry 
ring spot virus. 


Discussion 


Thimbleberry ring spot is considered to be etiologically distinct from pre- 
viously described Rubus viruses. The symptoms induced on red raspberry are 
similar to those of yellow blotch-curl as described in Ontario by Chamberlain 
(1) and to a ring spot disease observed by Vaughan et al. (2) in Oregon and 
Washington. However, neither of these diseases was found on thimbleberry 
whereas thimbleberry ring spot appears to be confined in nature to the wild 
thimbleberry. Further, since the vectors of thimbleberry ring spot will not 
colonize commercial varieties of red and black raspberries, it is unlikely that 
the disease has ever occurred naturally in those hosts. 
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S-ALK YL-2,5-DIMERCAPTO-1,3,4-THIADIAZOLES! 


G. D. THoRN AND R. A. LuDWIG 


Abstract 


The synthesis and some fungitoxicity and phytotoxicity data are given for 
2,5-dimercapto-1,3,4-thiadiazole and a series of its m-alkyl thioethers. These 
compounds exhibit a good measure of fungicidal activity, but would appear to be 
too toxic to the plants to be practical field fungicides. 


Because of the similarity in structure of the highly fungicidal ethylene 
thiuram monosulphide (I) (10) and of 2,5-dimercapto-1,3,4-thiadiazole 
(II, R = H), the latter and a series of its n-alkyl thioethers were prepared and 
tested for fungicidal activity. 


H.C CH. N N 
N N | 
HS—C C—SR 
C Cc s 
HS SH S 
> 
I I] 


Three of the thioethers reported herein have been reported previously. 
Busch (1,2) prepared the methyl and dimethy] ethers from the potassium salt 
of dimercaptothiadiazole and the corresponding halides. Sandstrém (8) 
mentions the monoethyl thioether. Fields (3) reported several branched 
alkyl and aralkyl mono and diethers, obtained by addition of dimercapto- 
thiadiazole to a variety of olefinic compounds. <A patent (5) describes the 
preparation of several thioethers, mostly with R = branched long-chain 
hydrocarbons, said to be of value for protection against light and used as 
plasticizers for plastics. 

The only mention of the toxicology of the thioethers of dimercaptothiadiazole 
is to be found in a patent by Stevenson, Cummings, and Cranham (9), which 
claims as effective acaricides certain dibenzy] derivatives. 

Parallel activity slopes, calculated from plots of dosage—response (log-probit 
grid), were obtained for ethylene thiuram monosulphide and dimercapto- 
thiadiazole. The latter was much less active, however, showing an EDs of 
89 p.p.m. as opposed to an EDs of 1.5 p.p.m. (6) for ethylene thiuram mono- 
sulphide. Parallel activity slopes are commonly taken to indicate a similar 
mode of action. 

‘Manuscript received January 16, 1958. 


Contribution No. 97, Science Service Laboratory, Canada Department of Agriculture, 
University Sub Post Office, London, Ontario. 


Can. J. Botany, 36 (1958) 
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A homologous series of mono S-n-alkyl dimercaptothiadiazoles was prepared 
according to the method of Fields (3). Fungicidal activity was obtained 
against Sclerotinia fructicola by the standard spore drop method and phyto- 
toxicity was measured using barley coleoptiles according to the recent method 
of Ludwig etal. (7). The data are summarized in Table I. In the greenhouse, 
the mercaptothiadiazoles were tested for activity against cucumber mildew, 
tomato early blight, and crown rust on oats. Fig. 1 illustrates the phyto- 
toxicity of this series of compounds to cucumbers. The same general order 
of phytotoxicity was seen on tomatoes and oats although the latter were 
slightly less sensitive. No control of cucumber mildew nor of tomato early 
blight was observed at concentration levels of the chemicals which did not 
burn the plants. The materials did show a good measure of control of crown 
rust on oats when applied as a protective spray prior to inoculation, but 
showed no control when applied 3 days after inoculation. 

It was hoped to achieve reduced phytotoxicity by eliminating the free 
sulphydryl group of the monoalkyl dimercaptothiadiazoles by alkylation to a 
diether, by oxidation to a disulphide, or by formation of an ‘‘insoluble’’ zinc 
salt. None of these succeeded in increasing, to our satisfaction, the practi- 
cability of the dimercaptothiadiazole derivatives as fungicides. 


Experimental? 


2,5-Dimercapto-1,3,4-thiadiazole was prepared from hydrazine and CS. 
according to the method of Goshorn and Levis (4). The solution of the sodium 
salt resulting from this procedure was acidified with concentrated HCl, the 
precipitate collected, dried in vacuo over P2Os, and crystallized out of com- 
mercial absolute ethanol in an atmosphere of H2S to give colorless material 
of melting point 164—-165°. 

2-Alkylmercapto-5-merca pto-1,3,4-thiadiazoles were prepared by the reaction 
of the dimercaptothiadiazole in ethanol with stoichiometric amounts of alkyl 
halide and potassium hydroxide (6). After a 5- to 8-hour period of heating 
under reflux, the solution was cooled and diluted threefold with water to cause 
the separation of the thioether. This was then crystallized to constant 
melting point (see Table 1). 

The 2,2’-bis(5-alkylmercaptothiadiazole) disulphides were obtained by oxi- 
dation of the sodium salt of the corresponding monoalkyl dimercaptothia- 
diazole with ammonium persulphate in aqueous solution at room temperature. 
2,2’-Bis(5-ethylmercaptothiadiazole) disulphide melted at 42.5-43.5° after 
crystallization from ethanol. Calc. for CsHioNsSe: S, 54.2%. Found: S, 
54.4%. The butyl ether disulphide was obtained as a light-yellow oil. Cale. 
for CisHisNaSe: S, 46.8%. Found: S, 46.7%. The hexyl ether disulphide 
melted at 52—53° after crystallization from ethanol. Calc. for CisHosN4Se: S, 
41.2%. Found: §S, 41.3%. 

The zinc salt of 2-ethylmercapto-5-mercapto-1 ,3,4-thiadiazole was obtained by 
dropwise addition of a solution of 10% excess zinc sulphate to a dilute solution 


2 All melting points are uncorrected and were obtained on the Fisher-Johns block. 
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the sodium salt of the ethyl thioether. The resulting white powder was 
ished with water and dried in vacuo over P2.O;. Calc. for CsHigNyS.Zn: 


, 13.36; S, 45.8%. Found: N, 13.34; S, 45.6%. 
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STUDIES ON THE FUSARIA WHICH CAUSE WILT IN MELONS 


I. THE OCCURRENCE AND DISTRIBUTION OF RACES OF THE 
MUSKMELON AND WATERMELON FUSARIA AND A HISTOLOGICAL 
STUDY OF THE COLONIZATION OF MUSKMELON PLANTS SUSCEPTIBLE 
OR RESISTANT TO FUSARIUM WILT! 


JaAMEs REID 


Abstract 


It has been shown that more than one type of isolate of both the muskmelon 
Fusarium and the watermelon Fusarium occur naturally in infested soil. The 
isolates of both organisms could be divided into many cultural races, depending 
on the number of isolations made. Among these cultural races differences were 
demonstrated in their ability to establish successful host-parasite relationships 
with their respective host plants. The field reactions of various host varieties 
were shown to be a function of the races present in the soil at a given time. 
Fluctuations in the relative frequency of the races present in a field have been 
shown to occur, as well as changes in the races present. 

The muskmelon wilt organism penetrated a susceptible host variety between 
cells in the region of elongation. The cortex was then colonized intercellularly, 
later intracellularly. The fungus then penetrated the stele, establishing itself 
in the vessels. Eventually hyphae were present throughout the vessels and later 
passed out to infect stelar and cortical tissues at various loci. 

The fungus also invaded the primary meristem intercellularly, later intra- 
cellularly, and established itself in young protoxylem vessels or developing cortical 
cells. Penetration also occurred through tears in the cortex caused by devel- 
oping secondary roots. 

Colonization of a resistant host occurred in the same manner, but there 
was always less fungus in the resistant host than in the susceptible host after 
comparable time intervals. This difference could not be correlated with the 
morphology of the resistant host. 

The effect of temperature on colonization appeared to be on the aggressiveness 
of the parasite, rather than on the susceptibility of the host. 


Introduction 


In recent years the fusarium wilts of muskmelons and watermelons have 
become increasingly important in Ontario. In Essex County, the main area 
for commercial growing of watermelons, and in the region on the north shore 
of Lake Erie near Port Dover production has been seriously affected. Musk- 
melon growing has been abandoned on many farms from Essex County to 
Dixie, near Toronto. This has seriously affected the melon-growing industry 
in Ontario, since the light, sandy soil and high temperatures required are 
found in few places in the province. 

The causal organisms of watermelon and muskmelon wilts are closely 
related (7), and are designated as Forms 1 and 2 of Fusarium bulbigenum Cke. 
and Mass. var. niveum Wr., but they are separable on the basis of patho- 
genicity. The fungus causing watermelon wilt will not attack muskmelons 
under field conditions and vice versa. 

‘Manuscript received January 8, 1958. 

Contribution from the Department of Botany, University of Toronto, Toronto, Ontario. 


Based on a portion of a thesis presented in April, 1957, to the University of Toronto in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy. 
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In Ontario fusarium wilt of muskmelons was first recorded in 1936, in the 
Niagara peninsula, whereas it was first reported in New York State in 1930 (3) 
and in Minnesota in 1933 (6). In 1943, it was found in Essex County, Ontario 
(9), and now appears to be widely distributed in all major muskmelon-growing 
districts of the province. 

Fusarium wilt of watermelon was first described in 1899 from South Carolina 
(15), and the organism was named F. niveum. McKeen (9) reported that 
fusarium wilt was not observed attacking this host in the Essex County area 
until 1948. This disease is now found in most districts extending from Harrow 
to Port Dover. 

The field symptoms of muskmelon wilt involve stunting, wilting, cracking, 
and death of the vines (Figs. 2, 3, 4, and 5). When less severe, the vines 
survive but the fruit is small, bitter, remains immature, and is unmarketable. 
Watermelon wilt symptoms involve death of the vine or immature and unmar- 
ketable fruit when the vines survive. 

This study deals with the occurrence, distribution, and pathogenicity of 
Fusarium races causing watermelon and muskmelon wilts in Ontario, and with 
the histology of infection of muskmelon plants. Histological methods were 
employed in studying the manner in which muskmelon plants were colonized 
by the fusarium wilt organism, and in seeking to determine whether there were 
any differences in the response of susceptible or resistant hosts to infection. 


Materials and Methods 


During this study, some 389 isolates of Fusarium were obtained from Ontario 
melon fields, whose locations extend from Dixie, near Toronto, to Harrow, 
near Windsor (Fig. 1). These isolates were obtained either by plating tissue 
from plants known to be diseased or by planting seeds in soil obtained from 
infested fields and making isolations from the seedlings which subsequently 
wilted. Each isolate was inoculated into a tube of sterilized soil as soon as 
possible, in order to provide unvarying stocks of inocula for the cultural 
comparison experiments (12). 

Two comparative experiments were performed, one in which all the isolates 
from muskmelon, and another in which all those from watermelon, were 
compared with two suitably chosen standards. The standard muskmelon 
Fusarium and the standard watermelon Fusarium are listed as F 23 and F 14, 
respectively, in the ‘Directory and Catalogue of Microorganisms Maintained 
in Canada”’ issued by the National Research Council in 1951. These standard 
cultures will be designated in the present study, respectively as race 1, musk- 
melon wilt Fusarium, and race 1, watermelon wilt Fusarium. 

The cultural characters of various races were compared on Czapeks’ agar. 
Each plate was inoculated four times, twice with a standard culture and twice 
with one of the isolates. The plates were incubated at 27° C. for 1 to 2 weeks, 
after which comparisons were made: (1) between the standard culture and 
the other isolate on each plate; and (2) among isolates on the various plates. 
Comparisons were made only if the standard cultures in each plate agreed 
with the original description of these cultures. 
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Fic. 1. This map shows the fields of muskmelon and watermelon sampled during the 
course of this investigation. 

















The muskmelon varieties tested in the histological investigations were the 
extremely susceptible Benders’ Surprise and the resistant Iroquois. The 
inoculum was an isolate of F. bulbigenum Cke. & Mass. var. niveum Wr. f. 2 
(=F. oxysporum f. melonis (Leach & Curr.) Snyder & Hansen) which was 
found to be identical with the F 23 type. 

Fungal penetration and colonization of young seedlings were studied by 
germinating seeds aseptically on plates of nutrient agar, and then transferring 
the seedlings to plates which had been inoculated with Fusarium. The seed- 
lings were so arranged that, when the plates were placed on their sides in 
special containers, the radicles would, in the course of their normal growth, 
approach the small fungous colony. 

These plates were examined daily, using a binocular dissecting microscope, 
and when infection appeared to have taken place, were prepared for study by 
freehand sectioning, squash mounting, or by fixing, embedding, sectioning, 
and staining. 

Older plants were also used to study infection and distribution. In order 
to determine whether combinations of temperature and moisture influenced 
either degree or method of host colonization, melon seeds of the two varieties 
were dusted with Semesan and sown in flats of sterilized soil. When the 
majority possessed four true leaves, plants were selected which were uniform 
in size, color, and vigor. After these plants had the soil removed from their 
roots under water, their roots were dipped into a spore suspension of the fungus, 
and they were planted into cans of sterilized soil. Replicate cans were then 
placed in Wisconsin temperature tanks previously adjusted to maintain 
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temperatures of 20, 25, 30, and 35°C. Two moisture levels, 25 and 50% of 
the moisture-holding capacity of the soil, were used in all trials conducted, 
the former being close to the optimum for disease incidence, the latter having 
been reported to have a suppressing effect (11). Eight plants were planted 
into each of four cans, so that at any temperature and moisture level com- 
bination tested, 32 plants of each variety were under test. 

Whenever plants began showing disease symptoms, they were lifted care- 
fully, with a clump of soil around the roots. The roots were then cleaned by 
washing under gently running water, fixed for embedding, etc., in formol- 
acetic—alcohol, or sectioned freehand. Embedded tissues were sectioned at 
8 to 12 microns, and stained with either Harris’s or Ehrlich’s haematoxylin. 
Freehand sections were stained with lactophenol cotton blue. In all cases 
the fungus was reisolated from selected portions of the host material. 


Experimental Results 


(A) Cultural Comparison of 290 Isolates of Fusarium from Muskmelon 

All isolates obtained from muskmelon were compared in these experiments. 
Since the numbers were large and collections were made at different times, 
the comparison was made in two sections. In the first comparison, 56 isolates 
were studied, with results as summarized in Table I. 

The great majority of isolates appeared identical with race 1, but neverthe- 
less eight other races were found and these comprised 21% of the total. A 
description of the eight other races follows: Race 2. Colonies appressed with 
loose, coarse mycelium, and the periphery of the colonies stringy. Patches 
of blue pigmentation were scattered throughout the colonies (Fig. 6). Race 3. 
Colonies white, without pigmentation. The colonies are not appressed, but 
are made up of abundant, coarse, aerial mycelium. A slight stringiness 
characterizes the margin of the colonies. Race 4. Colonies are white without 
pigmentation. They are generally made up of light, fluffy mycelium with 
numerous dark, hard bodies scattered through the colony. The periphery 


TABLE I 


DISTRIBUTION AND RELATIVE FREQUENCY OF OCCURRENCE OF THE NINE 
CULTURAL RACES OF Fusarium FROM MUSKMELON 


Cultural races 


Distribution 1 2 3 4 5 6 7 8 9 
Area Farm Frequency of occurrence 
Aldershot Gallagher 20 1 1 1 1 
; Filman 9 1 2 1 
Leamington Mastronardi 4 
Ruthven Colasanti 3 1 
Harrow Duransky 4 
Hutz 2 i 
Tingen, J. D. 2 1 1 


Totals 
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of the colonies is stringy, with interaction generally occurring when grown with 
the standard isolate (Figs.9and 10). Race5. Thecolonies are white, are lack- 
ing in pigmentation, and made up of very coarse mycelium. The colonies are 
generally somewhat blotchy in appearance, with a very stringy margin. 
Race 6. The colonies are white, they appear very dense, and in the margin 
are very smooth. Race7. The colonies are dark brown in color, and generally 
interact with the standard isolate. When observed from the underside of the 
Petri dish, the pigmentation varies in intensity and occurs in concentric rings. 
Race 8. The colonies are white and rather appressed. The mycelium appears 
quite loose and cottony, and the periphery of the colonies is marked by spots 
where the mycelium has aggregated into dense clumps. Race 9. The colonies 
are white, appressed, and the mycelium appears rather coarse. Numerous 
patch mutants are scattered throughout the colonies, while the margins of the 
colonies are quite smooth and uniform. 

In the second section the remaining 234 isolates were compared with race 1 
with results as summarized in Table II. Of the 234 isolates tested, 112 were 
identical with race 1, while 102 could be assigned to nine cultural race classes. 
Races 2, 3, 4, 5, 6, 7, 8, and 9 correspond to those listed previously, while race 
10 was a new one. Race 10 was characterized by colonies composed of coarse 
mycelia, not appressed, with uniform dark-blue pigmentation apparent on 
the underside of the colony. The margins of the colonies were very irregular. 
The 20 isolates listed under “‘others’’ were found to be different from the other 
10 races in cultural characters but it seems unnecessary to describe them in 
minute detail. 


TABLE II 


DISTRIBUTION AND RELATIVE FREQUENCY OF OCCURRENCE OF 
10 CULTURAL RACES OF Fusarium FROM MUSKMELON 


Cultural races 





Distribution 1 2 3 4 5 6 7 8 9 10 Others 
Area Farm Frequency of occurrence 
Aldershot Crouchley 20 7 1 1 
De Luca 3 1 1 
Filman 7 1 1 1 
Gallagher 9 7 1 2 1 
Ricci 7 2 3 1 1 1 1 
Dixie Death 17 1 1 
McCarthy 13 3 2 12 1 2 1 1 
Millgrove Goodbrand 1 
Boston Russling 5 2 1 1 2 
Port Dover Thompson 3 2 1 il 1 4 
Aylmer Howe 2 1 
Norwich Mitro 1 2 
St. Thomas Ward 2 6 1 
Harrow Waters 10 2 1 2 
P.B.P.* 1 2 
S.P.t 1 3 
Tingen, O. 1 1 4 
Wright, R. 7 3 
Ruthven Colasanti 6 2 1 
Leamington Mastronardi 1 2 
Totals 112 20 22 17 18 6 6 6 3 20 





*Dominion Experimental Station, Plant Breeding Plot. 


tLaboratory of Plant Pathology, Station Plot. 
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It should be noted that race 1, which was identical with Miller’s wild type 
(10), was found over the entire sampled area, and in all but three of the fields 
sampled, including instances when only a very limited number of isolations 
were made. It would appear, therefore, to be still not only the dominant race, 
but almost universally present. Certain of the other cultural races were 
widely but sparsely distributed. For example, race 9 was found only as two 
isolates from Dixie, one from Harrow, one from Ruthven, and one from Port 
Dover. Race 2 was found as 18 isolates from the Aldershot area, three from 
Dixie, and two from Harrow. Study of the tables will show further variation 
in abundance and distribution. 


(B) Cultural Comparison of 99 Isolates of Fusarium from Watermelon 

The isolates in this experiment were obtained from watermelon-growing 
areas. Of the 99 isolates tested, only 18 were like race 1. However, race 1 
was widely distributed, as Table III shows, being found on most of the farms 
sampled. Race 2 was obtained from as many isolations as race 1, but its 
distribution was localized, being restricted almost entirely to one farm of the 
Harrow district. (Figs. 12 and 13 illustrate race 5 while Fig. 11 illustrates 
race 8). 


TABLE III 


DISTRIBUTION AND RELATIVE FREQUENCY OF OCCURRENCE OF 
10 CULTURAL RACES OF Fusarium FROM WATERMELON 








Cultural races 




















Distribution 5 7 8 9 10 Others 
Area Farm Frequency of occurrence 

Boston Russling 2 3 
Port Dover Thompson 7 2 3 1 3 
Aylmer Howe 1 3 1 6 
Norwich Mitro 1 1 1 2 2 1 
St. Thomas Ward 2 1 1 1 1 1 1 
Morpeth Wade 1 1 1 2 2 
Clear Creek Alton 1 1 3 1 2 
Harrow Tingen, O. 1 3 1 

Tingen, J. D. 1 1 2 1 1 1 1 

Wright, R. 2 3 2 1 

Mucola 13 2 
Totals 18 19 9 7 9 3 6 4 4 3 17 





(C) Pathogenicity of Some of the Races of Fusarium from Muskmelon and 
Watermelon 

In experiments carried out to compare the pathogenicity of the cultural 
races, 101 of the 389 isolates were tested using Benders’ Surprise and Iroquois 
muskmelons, and Peerless watermelon. It was found that among the cultural 
races there were differences in pathogenicity as well as morphology but dif- 
ferent isolates of individual races were consistent in reaction on the three dif- 
ferent hosts. The results of one experiment, employing isolates arbitrarily 
selected to represent the cultural races 2 and 8, are shown in Table IV. 
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TABLE IV 


THE PATHOGENICITY OF SEVERAL ISOLATES OF TWO RACES OF 
MUSKMELON Fusarium TO THREE MELON VARIETIES 








Percentage diseased plants after 18 days 





Race Isolate Benders’ Surprise Peerless Iroquois 
2 298 81.2 0 1355 
2 280 100 0 96.7 
2 300 83.5 5.4 96.7 
2 382 90.9 0 96.2 
2 281 87.5 2.9 87.8 
2 295 93.3 0 86.6 
2 290 92.1 6.1 88.8 
2 276 90.5 0 95.7 
2 298* 84.1 3.1 78.3 
2 280* 92.1 0 100 
8 84 40 29.6 65.3 
8 283 38.4 30 70.1 
8 86 31.2 36 69.4 
8 123 38.7 45.1 64.7 
8 84* 36.1 33 54.1 
8 283* S1.2 ks 66.6 





*Isolates 298, 280, 84, and 283 were tested twice, at 95-day intervals, to determine whether 
or not results at one period of the summer could be reproduced at a later date. 


(D) Comparison of Resistance of Selected Melon Varieties under Field Conditions 
during 1953 and 1954 

After the existence of pathogenically specialized races of the causal organism 
had been demonstrated, field experiments were carried out in two successive 
summers, to study whether or not such strains were of importance under 
natural conditions. A field, which had been sampled in connection with the 
experiments already described, was rented in the Aldershot area. This field 
had a history of muskmelon wilt, and from it six races had been isolated during 
the earlier sampling. Seven of the 16 isolates obtained from the field were race 
1, while in addition there were two isolates of race 2, three of race 3, and one 
each of races 4, 5, and 8, and one of the unclassified group of races. 

During the first summer, the muskmelon varieties tested were Benders’ 
Surprise, Golden Champlain, Extra Early Hackensack, Iroquois, Delicious 51, 
Delicious, Improved Hearts-of-Gold, Early Knight, Improved Rocky Ford Jr., 
Oka, and Hearts-of-Gold. Also tested were three unnamed hybrid varieties: 
3-1 and 38-3-51, obtained from Mr. O. J. Robb of the Vineland Horticultural 
Experiment Station, and 9-201, obtained from the Science Service Laboratory, 
Harrow, Ontario, and later released as ‘‘Harper Hybrid’. Also tested were 
the watermelon varieties Dixie Queen and Peerless. 

During the second summer the muskmelon varieties tested were Early 
Knight, Harper Hybrid, Improved Rocky Ford Jr., Extra Early Hackensack, 
Iroquois, Benders’ Surprise, Delicious 51, Extra Early Hanover, Hearts-of- 
Gold, 3-1, 38-3-51, and two more lines, 51-3 and 51-1, supplied by Mr. Robb. 
Peerless watermelon was also tested. 
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Melon lines obtained from the United States were employed as well as var- 
ieties usually grown in the area, because it was felt they might possess some 
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resistance to the strains of the Fusarium organism found in the area. 


The technique employed for planting the melons was similar to that of the 
During the first summer two rows of 


melon growers in the Aldershot area. 
15 hills each were planted for each variety tested. 


of the field. 


During the second summer a still more random planting pattern was 
employed, and for each variety there were 34 hills with four plants each after 
final thinning. 

During the summer the normal cultural practices employed by growers in 
These included fertilization, dusting, 


the area were applied to the test plot. 


and regular cultivation. 


The field was watered regularly for 30 days after 


The rows were not con- 
tinuous, but broken up in an effort to distribute the varieties to all portions 
Four plants were left per hill after final thinning. 





transplanting by means of pumping lines employed over the entire farm. 


Regular inspections were made of the plot, with daily records being kept 
Isolation of the fungus causing death was 
obtained from at least one plant from each affected hill, and the identity of the 
The field experiments 
The results 


from the onset of disease symptoms. 


race established by comparison with stock cultures. 
were continued until the surviving plants matured their fruit. 


of these experiments are presented in Table V. 


TABLE V 


A COMPARISON OF DISEASE INCIDENCE IN CERTAIN MELON VARIETIES TO 
FUSARIUM WILT OF MUSKMELONS UNDER FIELD CONDITIONS DURING 1953-54 


Benders’ Surprise 
Golden Champlain 


Iroquois 
Delicious 51 


Improved Hearts-of-Gold 


Early Knight 


Improved Rocky Ford Jr. 
Extra Early Hanover 


Oka 
Hearts-of-Gold 
3-1 

38-3-51 

51-3 

51-1 


Harper Hybrid (9-201) 
Extra Early Hackensack 


Delicious 
Dixie Queen 
Peerless 


Melon variety 


Number 


81/120* 
92 /120 
62/120 
64/120 
71/120 
50/120 
69/120 
42/120 
24/120 
100/120 
97/120 
31/120 


92/117 
40/120 
94/113 
0/115 
0/119 


Dead plants, 1953 


Percentage 


67. 
76 

51. 
53 

59 

41. 
J/ 
35 
20 
83 
80 


25 


MAIN wWwraw 


~ = 


" 00 00 Ww 


Dead plants, 1954 


Number 


136/136 


38/129 
16/136 
133/136 


76/135 
103/136 


Percentage 


~1W 00 GOWN 


mao oowMo 


' 





*81/120 — 81 is the number of dead plants, while 120 is the number of plants which had 
survived transplanting. 
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Examination of the table reveals that some of the melon varieties did not 
show the same degree of susceptibility in the two successive years in which 
they were tried. For example, in the first trial 51.7% of the Iroquois plants 
were dead at the end of the experiment whereas in the second trial only 29.5% 
died. Fifty-three and three-tenths per cent of the Delicious 51 plants died 
during the first summer's experiment, while during the second summer only 
11.8% died. On the other hand some other varieties, such as Benders’ Sur- 
prise, showed a larger number of plants dead in the second than in the first 
trial. Accordingly, the differences can scarcely be due to the fact that the 
first summer was characterized by cooler, moister weather than the second 
summer. 

Variation in the proportions of the races found during the two seasons seems 
to offer a satisfactory explanation. From the results listed previously it was 
shown that this field had six races present. These were races 1, 2, 3, 4, 5, and 
8. Previous pathogenicity trials carried out in the greenhouse with seedlings 
had established that races 2, 3, and 4 were less pathogenic than race 1, while 
race 8 was found to be pathogenic, but to a lower degree than races 2, 3, and 4, 
while race 5 was very weakly pathogenic. 


TABLE VI 


CLASSIFICATION BY RACE OF THE VARIOUS ISOLATES OBTAINED FROM 
DISEASED PLANTS DURING THE FIELD EXPERIMENTS 











1 2 3 4 5 6 7 8 9 10 
Number of —_— 
isolations Summer Number of times isolated 


634 1 41 432 101 54 2 0 0 3 0 1 
612 2 397 141 63 10 0 1 0 0 0 0 





A summary of the isolates obtained from diseased plants during the field 
trials is shown in Table VI. A basis of explanation of variation in results in 
the field trials is clearly evident when one considers the races which were 
shown to be present. During the first trial, race 2 was the most abundant. 
During the second field trial, race 1 was predominant. The proportions of the 
other races also varied in the two summers. This variation in relative 
abundance of races could account, at least in part, for the difference in results 
obtained during the field trials, especially since the different races have been 
shown to vary quantitatively in pathogenicity. Also, different host varieties 
may vary in their resistance or susceptibility to different races of the causal 
organism. 

(E) A Histological Study of the Colonization of Benders’ Surprise, a Susceptible 
Muskmelon Variety 


Contact of the young seedling with the fungus generally occurred within 
24 to 48 hours after the seedling had been placed on the agar plate. Even 
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after infection these seedlings usually showed only a few symptoms of infection. 
The main tap roots became brown at the tip, and often a sheet of proliferating 
root cap cells could be observed on such a browned root. Secondary roots 
which became infected shriveled somewhat and became brownish in color. 

There was no evidence of penetration of either fully turgid root hairs, or 
older, shriveled root hairs; this probably indicates that the root hairs do not 
serve as infection courts. Between the root hair zone and the region of the 
primary meristem, hyphae commonly penetrated the root isssue intercellularly, 
usually at the junction of three cells, but often between two only (Figs. 12, 15, 
and 17). At the time of penetration, the fungus did not form appressoria nor 
did it narrow, into an infection peg (Figs. 15 and 16). No direct penetration 
of living epidermal cells was observed. After penetration between cells, the 
fungus colonized the cortex extensively, developing both intercellularly and 
intracellularly. The diameter of the hyphae as they passed through the 
cortical cell walls was considerably reduced (Figs. 13 and 14). 

As colonization of the cortex proceeded, the hyphae became predominately 
intracellular and they passed readily into the stele. When protoxylem ele- 
ments were penetrated, the fungus passed between annular rings or spiral 
thickenings. Developing metaxylem vessels were also invaded and the hyphae 
spread through the vessels, from which they often emerged to invade other 
tissues of the stele, or even the cortex in other areas of the root (Figs. 21 and 23). 

In infecting the primary meristem, the fungus passed intercellularly through 
the root tip (Fig. 20). As it progressed there was both intercellular and intra- 
cellular development and the fungus extended deep into the root tip. Often 
small pockets of necrotic cells were found (Fig. 19), but the fungus continued 
growth to the area where the protoxylem elements were being differentiated 
and invaded them. 

At other times the fungus passed from the young root tip into the differ- 
entiating cortex. The developing cells then showed both intracellular and 
intercellular colonization, but the stele was not invaded. Secondary roots 
often became invaded as the secondary root tip passed through the infected 
cortex of the primary root (Fig. 27). 

In other cases, the emergence of the secondary root provided a suitable 
point of entry for hyphae growing in the rhizosphere. Fig. 18 illustrates an 
example of this and here the association of the fungus with the tear in the cortex 
can be seen. Whether this type of colonization is of any great importance 
could not be ascertained, but it might be a significant portal of entrance, since 
secondary roots are differentiated within 1 mm. of the primary root tip, and 
thus the invading fungus should be able to avoid any barrier which might be 
offered by the endodermis. 

In young seedlings growing on inoculated agar, of the four types of infection 
noted, colonization of the developing protoxylem vessel seemed to occur most 
frequently. It appears to have considerable significance in field infections as 
well since plants so infected would probably not succumb to the early damping- 
off, which is commonly encountered with fusarium diseases, because any 
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extensive rot of the root would occur only through the secondary invasion of 
the cortex. By contrast, if the cortex were invaded first, either through the 
primary meristem or directly in the region of elongation, this could readily 
cause damping-off due to an extensive primary invasion of the root. This 
strongly suggests that the typical vascular wilt of well-established plants in 
the field is initiated by root penetrations which succeed in contacting young 
xylem vessels. 

The diseased susceptible plants which had been growing in the Wisconsin 
temperature tanks at 20°C. and 25% moisture-holding capacity of the soil 
were colonized chiefly through the primary meristem of the roots, but also 
through the region of elongation and through tears in the cortex. The fungus 
grew into and became associated with the developing protoxylem and remained 
in the vessels or later passed out of the vessels into other tissues. 

If the fungus originally penetrated the vessel elements, hyphae continued 
to be abundant in the vessels, although later they could be found in all the 
tissues of the stele. The hyphae passed out of the vessels through the pits 
or between the secondary thickenings of the vessels and were mostly intra- 
cellular (Figs. 25 and 26). : 

In the vessels, hyphae were extensive, and in many cases gumlike deposits 
plugged the vessels (Fig. 28). Tyloses were present, but as these are com- 
monly found in the Cucurditaceae (4), it is not certain whether infection had 
caused a significant increase in their numbers, or if they are important in 
impeding the flow of the transpiration stream. 

Often conidia were found in the vessels, even though no mycelium was 
present. This demonstration that sporulation occurred within invaded vessels 
suggests a mechanism of potential significance whereby infection could be 
rapidly spread through conidia being transported in the transpiration stream 
(Figs. 22 and 29). 

As noted before, secondary roots sometimes became infected when devel- 
oping secondary roots passed through a portion of the cortex which was 
heavily invaded, but young secondary roots were also noted where the hyphae 
passed from the vessels of the primary root into the vessels of the developing 
secondary root. 

Throughout the hypocotyl the hyphae were confined initially to the xylem 
cells. Tyloses were fairly abundant, distributed randomly in the vessels 
and not more abundant in areas where hyphae were concentrated. Later 
the infection became more generalized and the fungus not only passed readily 
from one vessel to another, but also extensively invaded other tissues (Fig. 24). 
The cortex often became generally permeated and a cracking and splitting of 
the stem occurred, accompanied by a red-gum exudate. This is characteristic 
of many diseased plants in the field. Apparently, therefore, any tissue in the 
susceptible plants may eventually be attacked, although until infection is 
well advanced, the pathogen is essentially confined to the vessels. 

Infected plants which had been treated with hot ethyl alcohol character- 
istically showed browning of the vessel elements, a feature often found with 












































404 CANADIAN JOURNAL OF BOTANY. VOL. 36, 1958 


fusarial diseases. The infected plants also produced adventitious roots, but 
not in sufficient numbers to compensate for the damage to the root system, 
and these also showed symptoms of infection. 


(F) A Histological Study of the Colonization of Iroquois Muskmelon, a Resistant 
Variety 

When the young resistant seedlings were grown on agar plates inoculated 
with Fusarium, colonies made contact with the root as quickly as with the 
susceptible host. Here again there was no evidence of penetration of either 
fully turgid or older root hairs. Infection was initiated in the same manner 
as in the susceptible host, i.e., into the primary meristem; or between the 
epidermal cells in the region of elongation, with no evidence of direct penetra- 
tion of epidermal cells; or through tears in the cortex. Thus colonization of a 
susceptible and a resistant host seems to take place in the same way, the 
differences being in degree rather than kind, since in all cases there was less 
fungus in the resistant than in the susceptible plants after comparable time 
intervals. 

The Iroquois plants, which had grown in the Wisconsin temperature tanks 
at 20° C. and 25% moisture-holding capacity of the soil, also showed coloniza- 
tion taking place through the primary meristem of the roots, the regions of 
elongation, and through tears in the cortex. Where the fungus penetrated 
between the epidermal cells in the region of elongation, it tended to remain 
intercellular, with only a small percentage of the hyphae becoming intracellular. 
Such invasions remained relatively localized, the cortex not being extensively 
invaded and only a few instances were noted where the stele became invaded. 
Whenever the vessels were invaded, however, the fungus was able to pass from 
vessel to vessel in the previously described manner. The amount of fungus 
in the stele was always less than that found in the susceptible host, and sporula- 
tion in the vessels was rare. 

When penetration occurred through the region of differentiation, infection 
of the developing cortical area was localized and the general colonization of 
the root tip area was slow. If the fungus entered the differentiating xylem 
instead of the cortex, it spread throughout the vessels, but here again the 
actual amount of mycelium was reduced and there were far fewer instances 
of the hyphae subsequently passing out of the vessels into the stelar tissues 
and on into the cortex. 

In the hypocotyl and in the stem tissue, the hyphae were chiefly confined 
to the vascular tissue and entered the other tissues of the stele only occasionally 
and never the cortical tissue. 


(G) The Influence of Soil Moisture and Soil Temperature on Disease Incidence 
and the Nature of Colonization of the Two Host Varieties 

In the plants grown in the Wisconsin temperature tanks, disease symptoms 

appeared in Benders’ Surprise within 5 to 13 days after inoculation, depending 

upon the temperature at which they were grown. Table VII shows further 

that the resistant plants also became infected, but only after 11 to 16 days. 
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TABLE VII 
THE INFLUENCE OF SOIL MOISTURE AND SOIL TEMPERATURE ON DISEASE 
INCIDENCE IN TWO HOST VARIETIES 


Days after transplanting 
Percentage - 


moisture- 8 12 16 20 24 
Host Temperature, holding — —_—_—__—_—— - -—— 

variety ns capacity Number of the 32 plants diseased 
Sa 35 50 0 0 1 1 1 
| 35 25 0 0 2 3 3 
B* 35 50 0 0 2 2 3 
B 35 25 0 0 3 2 6 
I 30 50 0 0 2 2 2 
I 30 25 0 0 1 2 2 
B 30 50 1 2 10 14 18 
B 30 25 2 6 11 15 15 
I 25 50 0 1 1 1 1 
I 25 25 2 3 3 3 3 
B 25 50 2 5 16 21 24 
B 25 25 6 13 14 20 22 
I 20 50 0 1 2 2 2 
I 20 25 0 2 2 3 4 
B 20 50 3 7 16 21 28 
B 20 25 2 8 17 25 27 





*] = Iroquois (resistant), B = Benders’ Surprise (highly susceptible). 


In both varieties the symptom sequence was similar, although the onset was 
at least 5 days later in the resistant variety. The plants were stunted, the 
leaves yellowed, rolled inward, occasionally downward, and finally became 
limp and flaccid with brown papery spots. Within 5 to 8 days after the first 
symptoms appeared the leaves were brown, shriveled, and dead. As the leaves 
died, the stems became pale yellow and somewhat translucent and within them 
the vascular strands were easily seen. Often infected stems cracked open 
and exuded a red gum. 

It is apparent from Table VII that disease incidence in the susceptible 
variety was greatly reduced at the highest temperature, 35°C. As the soil 
temperature was lowered, the number of diseased plants increased to a maxi- 
mum at 20°C. As the table records disease development only up to 24 days 
after planting, the final results for the resistant Iroquois melon are not shown. 
Eventually, however, almost all the resistant melons tested at 20 and 25° C. 
became diseased, but for some plants this required as long as 60 days. At 30 
and 35° C. the resistant melons showed little or no disease even after 60 days. 
At 30° C., however, Benders’ Surprise showed a high disease incidence which 
was drastically reduced at 35° C. No significant differences in disease inci- 
dence correlated with the different soil moisture levels were noted, although 
host growth was more luxuriant at the higher moisture level. The roots of 
diseased plants were characteristically brown in color, soft, and often lesioned. 
Healthy plant roots were white, firm, and without lesions. 
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The pattern of colonization has been described previously for both the 
susceptible and resistant varieties, grown at 20° C. and 25% moisture-holding 
capacity of the soil. No deviation from this pattern was found with respect 
to host, temperature, or moisture level under any of the conditions tested, 
when plants showing disease symptoms were examined. 


Discussion 


The occurrence of natural variants of Fusarium pathogens from the field 
is supported by the work of other writers. Sleeth (14) found a wide range of 
variation with the watermelon organism which he considered to occur naturally 
in various areas of the United States. Armstrong (2) found marked differences 
in pathogenicity and cultural characteristics of isolates of F. vasinfectum Atk. 
Similar results were found by Hendrix et a/. (5), Sleeth (14), and Snyder (17). 
Miller (10), in previous work with the muskmelon‘wilt organism, obtained 
only one type of isolate from the field. He pointed out that the above authors 
neither purified their cultures by the single spore technique, nor maintained 
their cultures in a manner which would prevent mutation, and he felt this 
might account for the numbers of races found by these authors. McKeen (9) 
supports Miller’s contention with respect to the muskmelon organism, but he 
found three naturally occurring variants of the watermelon wilt organism. 

Isolations made by the writer were taken from areas which were also sampled 
by Miller and McKeen. However, the isolates Miller obtained from the field 
were of one type, the race 1 of these experiments, and this he termed the 
“wild type’. It is unlikely that the additional wild types reported here were 
the result of mutation after isolation because the techniques employed were 
selected to minimize this possibility. These races may have been more 
readily recognized, in the present study, because it was found that the racial 
differences are more evident on Czapeks’ agar than on potato dextrose agar, 
the medium employed by Miller, and possibly because the differences became 
more apparent after longer culture periods than he used. Greater numbers of 
isolations were also made in these investigations. However, other factors are 
probably also involved and there is a strong suggestion that the number of 
wild types has actually increased since the earlier work was done. If this be 
true, it may be a reflection of the different host varieties employed in recent 
years in different areas, and their influence on the racial trends in the causal 
organism. 

Further support for the thesis that the races occur in naturally infested soil 
is obtained from a consideration of the origin of the 389 isolates classified as 
cultural races. Two hundred and fifty-nine were obtained from seedlings 
growing in soil taken from the test locations, and 128 of these isolates were not 
the standard strain of either the muskmelon or watermelon organism. One 
hundred and thirty were obtained from plants diseased in the field and 79 of 
these were not the standard strain of either the muskmelon or watermelon 
organism. This proves that the different races must be present naturally. 
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On the basis of greenhouse pathogenicity experiments these races appear to 
have inherent differences in pathogenic ability. This alone would be important 
under field conditions, but the additional fact that the apparent proportion 
of races in a field varies from year to year, possibly in response to climate, or 
possibly in response to the type of host plant in the field, could lead to dif- 
ferences in degree of attack on the various melon varieties. 

The response of resistant muskmelon variety to infection by the fusarium 
wilt organism has been shown to differ from that of susceptible muskmelon, 
in symptom expression and the histology of infection in degree rather than in 
kind. Both varieties are colonized in the same general manner, but the 
amount of mycelium found in the resistant variety was small even though the 
pathogen did penetrate into the primary tissues. A comparable ability of 
other fusaria to penetrate young root tissues of resistant and susceptible var- 
ieties with equal ease was shown with a number of other host plants (1, 13, 18). 
It has been shown that the seedling tissues of a number of plants possessed 
very little specific resistance when inoculated with fusaria from widely unre- 
lated hosts. Tisdale (18) found that F. conglutinans could penetrate seedling 
roots of flax and that F. /ini must have been able to penetrate cabbage seed- 
lings as it killed young cabbage plants in tube culture. F. Jini, F. conglutinans, 
and F. lycopersici were found able to penetrate the outer cells of watermelon 
plants (21), while the writer has isolated certain muskmelon Fusarium races 
which can cause a high disease incidence in watermelon seedlings. This sug- 
gests then that it is consistent with a general pattern of fusarial parasitism 
when resistant muskmelon tissue was penetrated by the muskmelon wilt 
organism. 

It was further demonstrated that the difference in response of the two var- 
ieties was not simply a result of the failure of the organism to penetrate to 
the vascular tissue of the resistant variety, but that the colonization of the 
resistant host was less extensive. Neither normally occurring nor induced 
anatomical differences were observed which could explain the variation in the 
extent of the invasion of the two host varieties tested. There was, however, a 
consistently smaller amount of fungus present in the resistant plant with 
reduced amounts of fruiting in invaded vessels than was encountered in the 
susceptible host. This is similar to the situation found in cabbage yellows (16) 
and near wilt of pea (19). There are numerous cases (20) where neither cell 
wall nor cell protoplast reactions can be demonstrated to be the reason for a 
pathogen failing to establish a successful host—parasite relationship after having 
successfully entered a resistant host. Fusarium wilts best illustrate this case. 

The reduced amount of fungus in the resistant plant could cause some 
speculation as to the pathogen’s ability to cause death of a resistant host, if 
it were not for the results obtained with resistant plants inoculated and grown 
at different soil moisture and temperature levels. In our experiments disease 
incidence was greatly reduced at the higher soil temperature levels, but was 
not significantly different at optimum or high soil moisture levels. These 
temperature results are in agreement with those of Miller (11) and Leach and 
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Currence (7). It is significant that the Iroquois variety eventually became 
colonized at 20 and 25° C. and at both moisture levels although in some 
plants this frequently required up to 60 days. At these lower temperatures, 
in older infections of the resistant plant, there seems to be a change in 
balance, as a result of which the fungus can spread from its initially localized 
infection loci, and establish itself throughout the host. No anatomical differ- 
ences could be found between the resistant plants grown at 20 and 25°C., 
which eventually became susceptible, and those grown at 30 and 35° C., 
which remained resistant. Benders’ Surprise plants did not show any signifi- 
cant decrease in infection up to and including 30° C. at either moisture level. 
Between 30 and 35° C., however, disease incidence dropped off, but there was 
no anatomical difference between the Benders’ Surprise melons grown at any 
of the combinations of moisture and temperature. It was also found that no 
difference existed between the anatomy of the resistant and susceptible 
variety at any temperature or moisture level. 

Above 32° C., growth in culture of the fungus is greatly retarded, and this, 
combined with the fact that muskmelons develop better at 35° C., may account 
in part for the degree of resistance exhibited by the susceptible variety when 
it is grown at 35° C. 

Linford (8) working with pea wilt demonstrated that even a small amount 
of mycelium inserted into wounds in a resistant variety produced disease 
symptoms, even though the inoculum did not grow to any great extent. In 
our experiments the fungus did eventually spread in the resistant host, but 
Linford’s work suggests the possibility of an accumulation of a toxin which 
induces wilting. The production of such a toxin, which induces wilting in 
plants with intact roots, has been demonstrated in other phases of our work, 
and accumulation of this in local infection areas may aid the final colonization 
of the resistant host at the lower temperatures. 

Conidia have been shown to be formed abundantly in the vessels of roots and 
stems of susceptible muskmelon plants and be carried upwards in the trans- 
piration stream, thus enabling the fungus to establish new focal infections. 
Yoshii (22) has shown this to occur also with watermelon wilt. The strik- 
ingly limited extent to which fungus sporulation was found to occur in the 
resistant host may be a significant factor in determining its slow or ineffective 
colonization as contrasted with a susceptible one. 

In so far as can be determined, the behavior of resistant muskmelons appears 
to be due to a slower and often less extensive development of the fungus in the 
host tissue. It has also been shown that this restriction of development is not 
due to any mechanical barrier. Inhibitory substances present in resistant 
host cells have been postulated for other plants subject to Fusarium wilts 
(1, 16, 19), but repeated attempts by the writer to extract any substance from 
Iroquois plants, which would cause in vitro inhibition of the muskmelon wilt 
organism, have failed. Both mature and immature plants were used as a 
source material for these experiments, but at no time was any difference noted 
between plant extracts from resistant or susceptible hosts. 
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EXPLANATION OF Fics. 2-29 


PLATE | 


Fic. 2. Shows the typical wilt symptoms seen in the field, when muskmelons are 
affected. The leaves are soft and flaccid, the plants stunted, and the fruits do not mature. 

Fics. 3 AND 4. Show the characteristic cracking and browning of the stem that often 
occur when melons are diseased. 

Fic. 5. Illustrates the appearance of the red-gum exudate, often found associated with 
the disease. 

‘1G. 6. This figure shows a comparison plate, the test isolate of which was placed in 
the race 2 classification of the muskmelon isolates. The muskmelon standard is at the 
top and bottom of the figure. 

Fics. 7 AND 8. Show the upper and lower surface of a comparison plate, which shows 
an isolate of race 5 of the watermelon organism. Note the heavy banding reaction of 
the watermelon race 1 at the margin of the colonies. The watermelon standard is at the 
left and right of the figures. 

Fics. 9 AND 10. Comparison plates, the isolates of which were placed in race 4 of the 
muskmelon isolates. Note the dark hard bodies scattered throughout the colonies. The 
muskmelon standard is at the top and bottom of the figures. 

Fic. 11. A comparison plate, the test isolate of which was placed in race 8 of the water- 
melon organisms. The watermelon standard is to the left and right sides of the figure. 


PLATE II 


Fics. 12, 15, 16, AND 17. Show the hyphae penetrating the root tissue intercellularly 
without the formation of appressoria or an infection peg. Fig. 12, X610. Figs. 15, 16, 
and 17, X346. 

Fics. 13 anp 14. The diameter of the hyphae as they pass through the cell walls is 
considerably reduced during intracellular colonization. Figs. 13 and 14, X610. 

Fic. 18. Hyphal elements are shown associated with tears in the cortex, and they can 
be seen establishing themselves in the plant tissue. 

Fic. 19. Represents the necrotic pockets and streaks found in a colonized young 
root tip. 

Fic. 20. The fungus can be seen passing intercellularly through the young root tip. 

Fic. 21. Shows the presence of conidia in the vessels of young roots. 


PLATE III 


Fics. 22 AND 23. Show the presence of conidia and hyphal elements in the vessels 
of young roots. 

Fic. 24. Illustrates the extensive distribution of the mycelia in the vessels of the hypo- 
cotyl, and the spread from vessel to vessel. 

Fics. 25 AND 26. Show the extensive distribution of the mycelium in the vessels of 
infected plants, with hyphae passing out of the vessels into surrounding tissues. 

Fic. 27. Illustrates a young developing secondary root being colonized as it passes 
through the colonized cortex 

Fics. 28 aNp 29. Illustrate tyloses, mucilagenous bodies, and conidia found in the 
vessels of an infected plant. 
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THE EFFECT OF INTERSPECIFIC HYBRIDIZATION ON 
CERTAIN GENETIC RATIOS IN SWEET CLOVER! 


H. BAENZIGER® AND J. E. R. GREENSHIELDS* 


Abstract 


In crosses involving derivatives of interspecific crosses of ( Melilotus alba X 
Melilotus dentata) and (M. officinalis X M. alba) with pure Melilotus alba, 
irregular ratios were shown to be common. Previous studies using pure M. alba 
have indicated simple Mendelian inheritances for many of the characters studied 
herein. However, when interspecific derivatives are involved, some plants give 
F, families that do not fit any Mendelian ratio. Data are presented indicating 
that in segregations where the deficiency occurs it is always in the genotype that 
has contributed the gene from the non-recurrent species. Investigations carried 
out in this study are designed to determine possible causes for these “‘blurred”’ 
ratios. 


Introduction 


At the Forage Crops Laboratory the breeding of a coumarin-deficient 
variety of sweet clover has received high priority in the crop improvement 
program. To a considerable degree the effectiveness of selection for, and the 
maintenance of, coumarin-deficient lines of sweet clover is dependent upon a 
thorough knowledge of the inheritance and the genetic behavior of the char- 
acter. In much of the previous work the inheritance of the coumarin-deficient 
character did not seem to be stable or clearly defined. The causes of such 
discrepancies in genetic ratios are important, particularly if such plant material 
were released for commercial production. For example, if the coumarin- 
deficient plants are at a selective disadvantage under field conditions, roadside 
high-coumarin plants would contaminate the variety very rapidly. More- 
over, until it is known whether or not deviation in segregations for coumarin 
can be attributed to a specific locus, it is difficult to carry on a well-planned 
breeding program. An attempt is made in this study to determine the cause 
of variation in genetic ratios. 


Literature Review 


Stevenson and White (17) and Horner and White (8) tested progenies of 
high- X low-coumarin crosses and showed that the bound-coumarin character 
was conditioned by a single recessive gene. They employed the testing pro- 
cedure outlined by Stevenson and Clayton (16). Using a modification of 
this method, Rinke (10) observed that the high-coumarin character is con- 
trolled by a single recessive gene. 

Smith (12) crossed Melitotus alba X Melilotus dentata. The chlorophyll- 
deficient hybrids were grown to maturity by grafting them onto Melilotus 
officinalis. From the backcross analysis Smith (13) concluded that two genes 
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were involved in coumarin inheritance. One of these was recessive to high- 
coumarin content and the other displayed no dominance. Using embryo 
culture, Webster (18) crossed M. officinalis (high coumarin) by M. alba 
(coumarin-deficient). The F:, was tested by a short fluorometric procedure 
and a single recessive gene was shown to govern low-coumarin content. 

Goplen, Greenshields, and Baenziger (5) studied the progenies of diallel 
crosses involving the variety Arctic, containing free coumarin, the variety 
Pioneer, containing only bound coumarin, and some coumarin-deficient selec- 
tions which were derived from the M. alba K M. dentata cross made by Smith 
(12). The rapid fluorometric procedure (6) was employed to test for the 
presence or absence of coumarin. The colorimetric method (3) was used to 
determine the type of coumarin. 

It was concluded that at least two genes were involved in the inheritance 
of coumarin content in sweet clover. A dominant gene Cu is responsible for 
coumarin production. A second gene governs the type of coumarin, B- 
giving free coumarin and 6b bound coumarin. This latter gene finds expres- 
sion only in a coumarin-containing plant. These authors presented evidence 
indicating that the unusual F2 ratios of approximately eight high-coumarin 
to one coumarin-deficient plant, which occurred in the progenies of some 
coumarin-deficient X Arctic crosses, were not due to complementary gene 
action, 

Alpha type of growth and several other characters have been shown to 
follow a normal disomic pattern of inheritance (2, 9, 15). 

Stevenson (15) observed that the sunken brownish spots on permeable 
sweet clover seeds coincide with the area of moisture absorption. White and 
Stevenson (19) and Downey, Greenshields, and White (4) found that seed 
permeability is controlled by one recessive gene and that the degree of expres- 
sion may be affected by environment. 

Greenshields (7) studied the embryology of interspecific crosses in Melilotus. 
In reciprocal crosses between M. alba and M. dentata a considerable degree 
of incompatibility was evident. 

Stephens (14) studied progenies of interspecific crosses in cotton. He 
observed skewed backcross ratios when transferring genes from a distantly 
related species to another. In all cases a marked deficiency in the class 
containing the gene from the donor parent was shown. He ascribed the 
deficiency to small-scale structural differences between the genomes of the 
species involved in the interspecific crosses. The gametes carrying structurally 
differentiated chromosomes are assumed to be at a selective disadvantage. 


Materials and Methods 


In order to detect possible environmental influences on the F: ratios of the 
populations studied by Goplen et al. (5), F; seed of similar crosses was planted 
in greenhouse flats and then transplanted to a field nursery. 

Throughout this paper the plants used for the study of the causes of irregular 
segregation in certain F; progenies are designated as summarized in Table I. 
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TABLE I 


DESIGNATION OF THE PARENTAL PLANTS AND THEIR F, SEGREGATION 
FOR COUMARIN VS. NO COUMARIN 








F, segregation ratios: 


Designation Description of plant With Arctic With Pioneer 
N Normal plant 331 S2i 
D* Abnormal plant Approx. 8:1 $31 
D. Abnormal plant Approx. 8:1 No data 
A Arctic - — 
Pr Pioneer - 





*The D parent was homozygous for a dwarf habit of growth known as “‘Alpha type”. 


In addition, F; plants which segregated 3:1 in the F: are referred to as normal 
F,’s, those segregating about 8:1 are referred to as abnormal F;’s. 

The abnormal segregation in the F: progenies of certain coumarin-deficient 
X Arctic crosses reported by Goplen et al. could have been caused by prefer- 
ential pollen functioning known as certation effects. To detect certation 
effects normal F, plants; abnormal F; plants, and their coumarin-deficient 
parents were grown in the greenhouse and intercrossed in the following manner: 


N yy > F, (Nx A) 
aN 


D = F Ox A) 


~ 











In these crosses an attempt was made to estimate the proportion of selfs 
occurring. When crossing, four racemes were emasculated at a time. One 
of these was chosen at random and left unpollinated. The percentage of 
selfed seed was subsequently determined. 

From normal and abnormal F; plants pollen was examined and the propor- 
tion of unstainable pollen grains was determined. Root tips and buds were 
also collected for cytological examination. From the progenies of the crosses 
(N X A) X N and (D X A) X D, pollen was germinated on a 1.5% agar 
medium containing 12% sugar as described by Bolton and Fryer (1). The 
proportion of germinable pollen was determined microscopically. In order 
to obtain an indication of the rate of germination, pollen was placed on the 
agar medium and counts were made after 80, 100, 120, and 140 minutes. 

The inheritance of the coumarin-deficient and permeable-seed characters 
was determined in F, progenies derived from hybrids of permeable-seeded 
M. alba selections X coumarin-deficient F; progenies of the M. officinalis X 
M. alba hybrids cultured by Webster (18). Since penetrance and expres- 
sivity of the permeable-seed character are low under greenhouse conditions, 
this population was grown in a field nursery. From these plants samples of 
approximately 200 mature open-pollinated seeds were harvested. After 
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threshing they were examined under a binocular using 3.5% magnification. 
Samples showing brownish sunken spots on the seed coat were classified as 
permeable. 

The methods of crossing and selfing and the procedures followed in testing 
for coumarin content in the material used in this study were similar to those 
described by Goplen et al. (6). 


Experimental Results 
Environmental Influences 

F, populations of crosses similar to those reported on by Goplen et al. 
were grown in a field nursery. The plants were tested by the fluorometric 
method for coumarin in the fall of the first season and again in the second season 
prior to flowering. In the second year, they were also tested by the colori- 
metric procedure to distinguish between free and bound coumarin. In the 
spring of the second season it was noted that a large amount of winterkilling 
had occurred and that in some families the low-coumarin segregates were 
affected more severely by winterkilling. Consequently, the segregation for 
high vs. low coumarin obtained in the fall was considered to be more reliable. 
The segregation for free vs. bound coumarin was obtained only on the sur- 
viving high-coumarin plants. The results from these populations are sum- 
marized in Table II. 

The ratios obtained in these populations show the same trend as those 
reported by Goplen et al. (5). In each progeny a number of plants appeared 
which gave doubtful readings and these were included in the high-coumarin 
class; hence, in spite of the very low P value calculated in the cross N X P, 
it may still be considered a fit toa 3:1 ratio. The segregations in the F2 of the 
crosses N X A, N X P, and D &X P fit 3:1 ratios, while in the progenies of the 
crosses D X A and Dz X A marked deficiencies in the non-coumarin classes 
are shown. Since the crosses D X A and D, X A deviate significantly from a 
3:1 ratio, the good fit in the cross D X P was rather unexpected. However, 
this may be due to the fact that only one Pioneer plant was involved in these 
crosses. In the D X A crosses several Arctic plants were involved and the 


TABLE II 


SEGREGATION OF COUMARIN-DEFICIENT X ARCTIC AND COUMARIN-DEFICIENT 
X PIONEER HYBRIDS IN THE F; 


F, segregation 


P value P value 


High No. for 3:1 Free Bound for 3:1 
Cross coum. coum. Ratio ratio coum. coum. Ratio ratio 
NXA 240 69 re .50-.20 129 48 2.02% .95-—.50 
mn eT 99 20 4.931 .05-.01 — 76 — — 
Dx J 560 100 5.6:1 <.01 283 ~- _- 
Dx P 75 20 Re fee | .50—.20 30 16 1.9:1 .20-.10 
D. X A 390 64 6.1:1 <.01 360 — - - 
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ratios in the different families varied from 4.5:1 to 10.8:1. This range 
indicates that the deviation of the ratios is more pronounced in the crosses 
with some high-coumarin plants than with others, as the same low-coumarin 
plant was used in all crosses. 

The segregation for free vs. bound coumarin in the F: of the crosses N K A 
and D X P fits a 3:1 ratio. The plants containing free coumarin appear to 
be affected by winterkilling to about the same extent as plants containing 
bound coumarin. Therefore it appeared justifiable to calculate dihybrid 
ratios by adding one-quarter of the plants containing coumarin and which were 
winterkilled to the bound-coumarin class, and by adding three-quarters to 
the free-coumarin class. The dihybrid ratios obtained in this manner are 
presented in Table III. The results give good fits to the theoretical expecta- 
tion of a 9:3:4 ratio. 


TABLE III 


TWO-FACTOR SEGREGATION IN THE F2 OF THE CROSSES 
N X A and D X P 








Fy segregation 


Free Bound No 


P value for 
Cross coumarin coumarin coumarin 9:3:4 ratio 
N XA 176 64 69 .50-.20 
D x P 52 23 20 .50—.20 





The F: of the cross D X A given in Table III also segregated for normal 
growth type and Alpha type. In contrast to the 3:1 ratios reported by other 
workers (2, 9) for similar segregations, 273 normal types and 40 Alpha types 
were obtained, a ratio of approximately 7:1. This population therefore 
exhibits deficiencies in the class containing the genes from the D parent for 
both the low-coumarin and the Alpha character. 


Certation Effects 

The intercrosses among normal and abnormal F; plants and their coumarin- 
deficient parents were designed to detect certation effects. If the pollen of the 
genotype Cu produced by F; (D X A) is more effective in fertilization than 
pollen of the genotype cu, all the progenies of crosses with plant (D X A) as 
male parent should show deficiencies in the class that is void of coumarin. 
The progenies of all the other crosses among F; plants should segregate 3:1 
and 1:1 in the case of backcrosses. 

As expected from previous studies cross No. 1 fitted a normal 3:1 ratio, 
while cross No. 2 deviated significantly from the theoretical expectation. If 
the cause of the discrepancy had been due to certation alone, in the crosses 
Nos. 3 to 6 inclusive 1:1 backcross ratios were expected. The significant 
deviation of cross No. 4 indicates, however, that the coumarin-deficient egg 
or zygote had been selected against in this instance. While the progenies of 
crosses Nos. 7 and 8 are rather small, these crosses nevertheless indicate that 
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TABLE IV 


SEGREGATION IN RECIPROCAL CROSSES AND BACKCROSSES OF NORMAL AND 
F,'s AND THEIR COUMARIN-DEFICIENT PARENTS 














Normal Segregation 
segresatiocn —— 
on one-factor Defi- Obs. 

Cross Q parent o" parent basis High cient. ratio P value 
1 F, (D X A) F, (N X A) a3a 164 40 4.1:1 .10-.05 
2 F.(N XA)  F, (DXA) 3:1 163 31.—Ss«S5 A <.01 
3 F, (N X A) N Ee | 69 49 . 4:1 .10-.05 
4 Fi (N X A) D : ea 58 27 > ae ee <.01 
5 F, (D X A) N 1:1 31 19 t .0<4 .10-.05 
6 F, (D X A) D rst 39 24 1.631 .10-—.05 
7 D Fi (N XA 1:1 16 18 0.9:1 .95—.50 
8 D F, (D X A) ire | 7 0 — — 

TABLE V 


RATE OF POLLEN GERMINATION IN THE PROGENIES OF 
crosses No. 3 AND No. 6 








© germination after 


Progeny of 80 min. 100min. 120min. 140 min. 
Cross 3 56.7 81.9 90.6 93.4 
Cross 6 39.1 41.1 67.4 71.9 





the pollen carrying the gene cu from the D plant is selected against while 
similar pollen from the N plant was as successful in effecting fertilization as 
high-coumarin pollen. 

The examination of pollen of (D X A) and (N X A) F; plants revealed that 
in both types 14-16% unstainable pollen grains were produced. When pollen 
of the progenies of crosses No. 3 and No. 6 were germinated on agar, it was 
noted that in cross No. 3, 93.4% of the pollen was capable of germination, 
while in cross No. 6 only 71.9% of the pollen germinated. Furthermore, the 
rate of germination was considerably slower in the pollen of cross No. 6 as 
is shown in Table V. 

Root tips and pollen mother cells were studied cytologically and no irregul- 
arities in chromosome pairing and chromosome number were observed. 


Effect of Interspecific Hybridization 

Coumarin-deficient F; segregates of the M. officinalis K M. alba cross, cul- 
tured by Webster (18), were crossed with a high-coumarin permeable-seeded 
strain of M. alba as male parent. In these crosses the plants derived from the 
interspecific cross served as donor of the cu gene and the M. alba strain contri- 
buted the gene for seed permeability. Eleven families with a total of 619 
plants were tested for coumarin content and seed permeability. The results 
of this study are presented in Table VI. 
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TABLE VI 


DIHYBRID SEGREGATION ON THE F, OF LOW-COUMARIN, NON-PERMEABLE 
SEED X HIGH-COUMARIN, PERMEABLE SEED CROSSES 








High coumarin No coumarin 
Non-permeable Permeable Non-permeable Permeable 

Family seed seed seed seed 

1 29 3 7 is 

2 7 7 3 - 

3 23 5 3 —_ 

4 13 9 2 - 

5 81 28 19 — 

6 22 11 2 

7 77 21 15 - 

8 22 14 3 - 
9 48 29 8 

10 30 11 6 cas 
11 41 10 10 

Total 393 148 78 — 





These results in Table VI show that the gene for the absence of coumarin 
and the gene for seed permeability do not appear together in the same plant. 
This cannot be attributed to linkage because, if that were the case, the two 
genotypic classes non-coumarin, permeable seed and high-coumarin, non- 
permeable seed would also be absent. The two recessive genes together are 
either lethal or they are in combination unsuccessful in fertilization. Therefore 
the theoretical ratios for the segregation of high vs. coumarin-deficient and 
non-permeable vs. permeable seed are modified to 4:1. The pooled data of 





the segregation for coumarin content (Table IV) do not fit a 4:1 ratio. A 
marked deficiency in the low-coumarin class is shown. On calculating the 
heterogeneity x? a total value of 25.73 is obtained while the x? for the total 
of the 11 families gives a value of 21.18. Thus a heterogeneity x? of 4.55 is 
obtained giving a P value of .95-.90. This indicates that all the families are 
extremely homogeneous for the deficiency in the non-coumarin class. The 
deficiency appears in the class displaying the gene contributed by the offspring 
of the interspecific cross. 

The segregation for non-permeable vs. permeable seed shows heterogeneous 
results. The families 2, 4, 8, and 9 deviate significantly from a 4:1 ratio 
| with large deficiencies in the non-permeable class. In this case, again the 
genotypic class displaying the gene contributed by the offspring of the inter- 
specific cross is deficient. The remaining families fit the theoretical 4:1 ratio. 
It appears, therefore, that with respect to this character normal segregation 
occurs in some families but not in others. 

The dihybrid segregation (Table VI) deviates significantly from the modified 
theoretical ratio of 9:3:3. Since the heterogeneity x? gives a P value of 
.05-.02, these pooled results are of little significance. 
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The results in these populations indicate that the genotypic classes display- 
ing the genes contributed by the offspring of the interspecific crosses very often 
show deficiencies. It appears that irregular segregation is an effect associated 
with interspecific hybridization. 


Discussion 


In the progenies of crosses between the same types of plants as studied by 
Goplen et al. (5) similar ratios were observed. The crosses N X A, N X P, and 
D X P segregated 3:1 in the F, for high vs. no coumarin whereas in the F» of 
the crosses D X A and Dy X A marked deficiencies occurred in the coumarin- 
deficient classes. The segregation for free vs. bound coumarin in the progenies 
N X Aand D X P crosses gave a close fit toa 3:1 ratio. The dihybrid segre- 
gation closely fitted the theoretical expectation of a 9:3:4 ratio, when free- 
coumarin, bound-coumarin, and coumarin-deficient plants were present in 
the same F, population. 

In contrast to the results of other workers (2, 9, 15), who obtained 3:1 
ratios, the Fy progeny of the cross D X A gave a ratio of approximately seven 
normal types to one Alpha type. The deficiency of Alpha types is of the same 
magnitude as of coumarin-deficient segregates and is probably due to the 
same cause; Goplen et al. (5) showed that the deficiency of noi-coumarin 
types was not due to complementary genes and since Alpha type segregations 
are affected in the same manner, it is a further indication that the deviation 
from the normal ratio is not genically controlled. Moreover, the ratio of 
coumarin-containing vs. coumarin-deficient plants does not appear to be en- 
vironmentally influenced as very similar ratios are obtained under greenhouse 
and field conditions. 

It is evident that in the progenies of crosses with plants D and N selection 
occurs against cucu coumarin-deficient genotypes. In the selfed progenies 
of most crosses with plant D this selection is strong enough to cause a signifi- 
cant deviation from a normal one-factor ratio. In the progenies of crosses 
with plant N the selection against cucu genotypes is present to a lesser degree 
and thus low P values are often obtained. 

The segregation in the progenies of the crosses between permeable-seeded 
strains of AJ. alba and coumarin-deficient F; segregates of a M. officinalis X 
M. alba cross show significant deviations from normal ratios. No coumarin- 
deficient permeable-seeded plants were obtained. The two recessive genes 
together either are lethal or male and female gametes of this genotype in 
combination are unsuccessful in fertilization. The segregation for high vs. 
coumarin-deficient deviates significantly from a modified theoretical 4:1 ratio. 
The frequency of the homozygous coumarin-deficient class is significantly 
below the expected number, and in this instance the coumarin-deficient gene 
is again contributed by the offspring of an interspecific cross. All the families 
studied are homogeneous for the deficiency in this class. 




















BAENZIGER AND GREENSHIELDS: SWEET CLOVER 419 


For the non-permeable vs. permeable-seed segregation heterogeneous results 
were obtained for the 11 families. The observed results fit the modified 
ratio of four non-permeable to one permeable-seeded plant in seven families. 
These families were homogeneous and the pooled results give a very close fit 
to the 4:1 ratio. The remaining families showed marked deficiencies in the 
non-permeable class. In this case again the class containing the gene from the 
offspring of the interspecific cross shows the deficiency. With respect to seed 
permeability it appears that normal segregation occurs in some families but 
not in others. 


Stephens (14) reported that, in the progenies of interspecific crosses in cotton, 
skewed backcross ratios and blurred monofactorial ratios are obtained. These 
are ascribed to structural differences between the genomes involved in the 
interspecific crosses. He further noted that these structural differences are 
too small to be detected cytologically. In successive backcrosses the ratios 
become more normal. Since all the coumarin-deficient strains of sweet clover 
are derived from an interspecific cross between M. dentata and M. alba made 
by Smith (12), similar structural differences between the genomes of these 
two species may be responsible for the irregular segregation in certain popula- 
tions. In successive generations the plants become more stabilized with res- 
pect to these structural differences. Depending on the degree of stabilization 
in the coumarin-deficient plants, normal or abnormal segregation occurs in 
crosses with M. alba. For the permeable seed character normal segregation 
occurs in some crosses while others show deficiencies in the non-permeable 
class. In the progeny of the interspecific cross M. officinalis K M. alba, 
cultured by Webster (18), only the coumarin-deficient character was selected. 
It is probable that some F; segregates carry the gene pair for this seed character 
on achromosome which pairs normally with the corresponding M. alba chromo- 
some while others carry them on structurally different chromosomes which 
do not pair normally with M. alba. In crosses with M. alba the plants of the 
first group segregate normally whereas with the latter group irregularities 
occur. 

In a recent paper Sandler and Novitski (11) state, ‘‘As the study of the 
genetics of higher organisms becomes more precise and extensive, an increasing 
number of cases is found in which heterozygotes of certain constitutions fail 
to produce the two kinds of gametes with equal frequency’’. Whether or 
not the gametes carrying the genes from the non-recurrent parent in the ab- 
normally segregation sweet clover crosses were produced in equal numbers 
is an open question; however, it is certain that the gametes did not function 
to produce genotypes in equal numbers. If Stevens’ theory is correct that 
these aberrant ratios are due to structural differences that are not cytologi- 
cally detectable, then a complete explanation of the causes of these abnormal 
ratios will await further refinement of cytological techniques. Whether the 


phenomenon is referred to as ‘‘meiotic drive” (11), or “cryptic structural diff- 
erentiation”’ (14), it is important for those working with interspecific crosses 


to know that these blurred ratios are likely to occur. 
































r. 


bo 


wn 


6. 





CANADIAN JOURNAL OF BOTANY. VOL. 36, 1958 


Acknowledgments 


The authors wish to express sincere appreciation to Dr. J. L. Bolton, 
Officer-in-Charge of the Forage Crops Laboratory, Saskatoon, Saskatchewan, 
for his advice and helpful criticism in the preparation of the manuscript. 


References 


BoLton, J. L. and Fryer, J. R. Inter-plant variations in certain seed-setting processes 
in alfalfa. Sci. Agr. 18, 148-160 (1937). 

Crark, A. E. Inheritance of the dwarf branching habit in sweet clover. Sci. Agr. 11, 
326-332 (1931). 

CLAYTON, J. S. and Larmour, R. K. A comparative color test for coumarin and melilotic 
acid in Melilotus species. Can. J. Research, 13, 89-100 (1935). 

Downey, R. K., GREENSHIELDS, J. E. R., and Wuitre, W.J. The nature and inheritance 
of seed coat spotting in permeable-seeded strains of sweet clover (Melilotus alba L.). 
Can. J. Agr. Sci. 34, 514-527 (1954). 

Gop.en, B. P., GREENSHIELDS, J. E. R., and BAENZIGER, H. The inheritance of coumarin 
in sweet clover. Can. J. Botany, 35, 583-593 (1957). 

Gop.eNn, B. P., GREENSHIELDS, J. E. R., and WHITE, W. J. Selection techniques in scre- 
ening for coumarin-deficient sweet clover plants. Can. J. Botany, 34, 711-719 (1956). 

GREENSHIELDS, J. E. R. Embryology of interspecific crosses in Melilotus. Can. J. 
Botany, 32, 447-465 (1954). 

Horner, W. H. and Wuite, W. J. Investigations concerning the coumarin content in 
sweet clover. III. The inheritance of the low-coumarin character. Sci. Agr. 22, 
85-92 (1941). 

Kirk, L. E. Inheritance of dwarf-branching habit in a new variety of sweet clover and 
its potential economic value in breeding. Sci. Agr. 11, 315-325 (1931). 

RINKE, E. H. Inheritance of coumain in sweet clover. J. Am. Soc. Agron. 37, 635-642 
(1945). 

SANDLER, L. and Novitsk!, E. Meiotic drive as an evolutionary force. Am. Naturalist, 
91, 105-110 (1957). 

SmitH, W. K. Propagation of chlorophyll-deficient sweet clover hybrids as grafts. 
J. Heredity, 34, 135-140 (1943). 

SmitH, W. K. Transfer from Melilotus dentata to M. alba of genes for reduction in cou- 
marin content. Genetics, 33, 124-125 (1948). 

STEPHENS, S.G. The internal mechanism of speciation in Gossypium. Botan. Rev. 16, 
115-149 (1950). 

STEVENSON, T. M. Sweet clover studies on habit of growth, seed pigmentation, and 
permeability of the seed coat. Sci. Agr. 17, 627-654 (1937). 

STEVENSON, T. M. and CLayton, J. S. Investigations relative to the breeding of 
coumarin-free sweet clover, Melilotus. Can. J. Research, 14, 153-165 (1936). 

STEVENSON, T. M. and Wuite, W. J. Investigations concerning the coumarin content 
of sweet clover. I. The breeding of a low-coumarin line of sweet clover— Melilotus 
alba. Sci. Agr. 21, 115-149 (1950). 

Wesster, G. T. Interspecific hybridization of Melilotus alba X M. officinalis, using 
embryo culture. Agron. J. 47, 138-142 (1955). 

White, W. J. and STEVENSON, T. M. Permeable-seeded strains of sweet clover ( Melilotus 

alba), their development and nature. Sci. Agr. 28, 206-222 (1948). 
























































421 


SOME FACTORS AFFECTING THE GERMINATION OF SPORES OF 
FOMES IGNIARIUS VAR. POPULINUS (NEUMAN) CAMPBELL, AND 
THE SIGNIFICANCE OF THESE FACTORS IN INFECTION! 


H. M. Goop Anb W. SPANIS 


Abstract 


Spores of F, igniarius collected from different conks at one time, or from 
one conk at different times of the year, varied signific saa in germinability. 
However, spores collected from one conk within a 3-day period were judged to be 
sufficiently consistent for use in comparative tests. 

Spores germinated best on an 8% malt extract medium buffered at pH 4.0. 
Only a trace of germination occurred on water agar and none occurred on alkaline 
media. Stimulation by malt extract appeared to be due partly to the sugar 
content and partly to an unidentified factor. 

While extracts of the surface wood of aged wounds contained far less of sugars 
and amino acids than did extracts of fresh sapwood, germination on the former 
was consistently better. A lower pH appeared to account for most of this 
advantage but even when the two types of extract were brought to the same pH 
better germination occurred on the extract of the aged wound. 

Spores of F, igniarius germinated well at temperatures in the range 20-35° C. 
They varied widely in their ability to germinate after storage. Some samples 
germinated fairly well after 80 days; others failed to germinate after 10 days. 

These findings are discussed in relation to the problems of infection. 


Introduction 


Knowledge of the infection stage is important in understanding the epi- 
demiology of any disease, and, for most important plant diseases, this stage 
has received early and detailed consideration. However, except for the excel- 
lent studies of Rishbeth (4, 5), infection of living trees by heart-rot fungi has 
received little study beyond the correlation of various types of wounds with 
pockets of decay. Difficulties in obtaining spores of most of the fungi involved, 
in germinating those available, in avoiding mixed infections during a pro- 
tracted experiment, and the necessity of using inherently variable field material 
under uncontrolled natural conditions have all been major obstacles to the 
student of tree decay. A step toward reducing these difficulties appeared to 
be the development of methods of collecting, handling, and germinating spores 
of a wood-rot fungus which gave promise of being suitable for a study of the 
infection process. 

A study of the spores of Fomes igniarius var. populinus was therefore under- 
taken. Determination of the spores’ responses to various environmental and 
nutritional factors made up the major part of the study but, to give some 
indication of the significance of the data obtained, the properties of the wound 
surface were considered in relation to requirements for germination. 

Fomes igniarius was selected because it is of common occurrence, because 
it sporulates freely, though not uniformly, from early spring to late autumn, 
because the host tree is extremely plentiful, and because a relatively rapid 
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decay is induced. This organism and its host promised therefore to provide 
material for the projected study and also for an extension to experimental 
infections. 

This report deals with the results of several summers’ work on the collection 
and germination of basidiospores of Fomes igniarius, the following aspects of 
germination being considered: variability of spore samples, influence of pH 
and nutrient content of the substrate, ability of the spore to withstand aging, 
influence of temperature, and germination on extracts of fresh and weathered 
poplar wood representing wound surfaces of varying ages. 


Materials and Methods 


Except for a few samples used in the preliminary studies, all the spores were 
obtained from conks on poplar trees growing within a 2-mile radius of the 
Queen’s University Biological Station, Chaffey’s Lock, Ontario. Spores were 
collected on 60 mm. Petri dishes, usually containing about 5 ml. of agar. The 
open dish was placed immediately beneath a sporulating conk so that the spores 
fell directly upon the glass or agar surface. To prevent the spores from drifting 
away, and to minimize contamination, a sheet of heavy aluminum foil was 
tacked over the conk and bent down around the plate which either rested on a 
bracket of sheet aluminum, or was held in place by the foil. 

The time required to cover a test plate with a suitable density of spores 
varied widely with the weather, the season, the conk, and the time of day. 
Rates of sporulation were not determined, but appeared to conform closely 
to the pattern outlined by Riley (3). Agar plates were occasionally seeded 
sufficiently in 5 minutes. At other times it was necessary to expose for 2 to 3 
hours. Trees used in the study were designated, by a letter, and each conk on 
a tree was assigned anumber. Thus conk L5 refers to the No. 5 conk on tree L. 

When an agar plate had been exposed it was covered, removed, and placed 
in an incubator at 25° C. (except in the studies of germination at different 
temperatures). Observations on the number of germinated spores were made 
daily until there was no further change in the percentage which had germinated. 
At each observation 500 spores were counted in five fields scattered at random 
over the dish, or, if contamination had occurred, in regions free from con- 
tamination. A graph of the percentage germination against time was then 
prepared. Such a graph gives a clear picture of the time of germination of the 
most vigorous spores, the uniformity of the sample, the time of germination 
of the slowest spores, and the percentage of spores capable of germinating 
under the conditions imposed. 

In a few plates contamination prevented completion of readings. No 
attempt was made to identify the contaminants, but many plates were ex- 
amined to see whether there was evidence of stimulation or inhibition of 
germination near colonies of contaminants. Some inhibition was noted in 
plates which had been overrun by one particularly vigorous contaminant, but 
no inhibition was seen in the areas between colonies of various other con- 
taminating fungi. Since the heavily contaminated plates had to be discarded 
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because of physical interference with observations, it seems unlikely that 
interaction effects were significant in this study, though they may be of 
considerable importance on the infection court. 

The possibility that the density of spores on the plate might affect ger- 
mination was also considered. Dishes were collected with various densities 
of spores, but little variance in percentage germination was observed. Adjust- 
ments in exposure time were made in all further experiments to give a rela- 
tively uniform spore load. There was no evidence of a density effect within 
the range of densities used. 

For the studies on spore longevity, the spores were caught in an empty 
Petri dish, which was stored in the atmosphere of an open field laboratory. 
Spores were removed from these Petri dishes either by drawing a loop of sterile 
water across the dish and streaking this on the germination medium, or by 
lightly touching the dish with a drop of solidified agar on a cover slip. The 
agar drop was then inverted over water in a van Tieghem cell. The latter 
method gave a considerably better distribution of the spores and was used 
in most of the tests. 

Except for preliminary work done during the summers of 1954 and 1955 
the work was done during the late summer of 1956, when approximately 1000 
samples were collected, and during the early summer of 1957, when an addi- 
tional 360 samples were studied in May, June, and July. One small group of 
samples was collected in September of 1957. The seasonal effects noted are 
therefore for the composite season, fall 1956 and spring 1957. Most of the 
tests were done on both spring and fall spores. Except for a few of the seasonal 
checks, tests were made on at least three conks at a time, and each series was 
repeated at least once, giving a minimum of six replications of each curve 
presented. As indicated by the total number of samples, most series were 
repeated many times. From this very large mass of data the most repre- 
sentative and complete series have been selected for presentation. 


Variability of Samples 


Early tests of the germinability of spores from various sources suggested 
that the spore samples were far from uniform in their capacity to germinate. 
Since the effects of different factors on germination could only be determined 
when comparable samples of spores were available, several groups of samples 
were tested to determine the extent of their inherent variability. The follow- 
ing groups of samples were tested: 

1. Collected simultaneously from conks on different trees. 

2. Collected simultaneously from several conks on the same tree. 
3. Collected from one conk at intervals over a 24-hour period. 
4. Collected from the same conk at different seasons of the year. 

The first tests of germinability were made on 2% malt extract agar buffered 
at pH 5. However, it was found that higher percentages of malt and lower 
pH gave better germination, and most of the series were run on 8% malt at 
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pH 4.0. This had the advantage of giving germination with all samples tested, 
but unfortunately tended to obscure certain differences which appeared on 
more dilute media. The medium used is given for each sample reported. 
When samples of spores from 25 conks on six trees were caught at the same 
time (August, 1956) on 2% malt extract agar buffered at pH 5.0 and incubated 
for 6-9 days at 25° C., the percentages of germination were as shown in Table I. 
The germinability of the spore samples varied considerably. In general 
the variation was less for samples from conks on one tree than for those from 
conks on different trees. Although comprehensive sampling of the type re- 
ported in Table | was not repeated in the spring of 1957, collections of May and 
early June of 1957 gave considerably higher percentages of germination and 
somewhat less variation than did the August 1956 samples, percentages of 
germination falling within the range 75-95% on the most favorable media. 
Differences were much less marked in series on 8% malt extract agar than on 
those on more dilute media. This effect is referred to again in later sections. 
The effect of time of day of collection on germinability was tested on two 
occasions. The results of one such series of collections are given in Table IT. 
The percentage germination was substantially uniform over the 24-hour period. 


TABLE I 


VARIATION IN GERMINABILITY OF SPORE SAMPLES COLLECTED 
SIMULTANEOUSLY ON AuGustT 24, 1956, FROM 25 CONKS ON SIX 
TREES ON 2% MALT EXTRACT AGAR BUFFERED AT pH 5.0 


Tree Conk © germination after 7 days 
A Al 1 
A2 5 
\4 18 
AS 
\6 


AZ 
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TABLE II 


GERMINATION OF SPORES OF F, igniarius COLLECTED OVER A 
24-HOUR PERIOD, FROM CONK LS, ON 2% MALT aT pH 5 








% germination 
Day collected Hour collected after 7 days ' 





27 May, 1957 10 a.m. 70 
27 May, 1957 1 p.m. 67 
27 May, 1957 4 p.m. 68 
27 May, 1957 7 p.m. 67 
27 May, 1957 10 p.m. 68 
28 May, 1957 1 a.m. 70 
28 May, 1957 4a.m. 69 
28 May, 1957 7 a.m, 69 
28 May, 1957 10 a.m, 70 





Another comparable series showed only slightly less uniformity and a large 
number of samples collected for other tests corroborated these results. There 
was no significant effect of time of day on the rate or percentage of germination 
in any of the series. 

Complete data on the seasonal changes were obtained on only one conk 
(L5) which was tested 15 times on 8% malt agar at pH 4. On this optimum 
medium the spores collected at various times of the year germinated as shown 
in Table III. Only a slight seasonal variation in germinability was shown, 
with the minimum germinability in late summer when sporulation tended, 
presumably for climatic reasons, to be sporadic. However, the data of 
Tables I and II give another seasonal comparison with spores of conk L5 giving 
only 5% germination in August 1956 and over 70% on the same medium in 
May 1957. Considering various other comparisons in the data available, it 
appears that the seasonal changes indicated by comparisons of Tables I and II 
are unusually large whereas those shown within Table III are minimal. One 
reason for the small differences in Table III is unquestionably the use of a 
very favorable germination medium. 


TABLE III 


PERCENTAGE GERMINATION OF SPORES OF F, igniarius COLLECTED FROM 
CONK L5 AT VARIOUS TIMES OF THE YEAR AND GERMINATED ON 
8% MALT EXTRACT AGAR AT pH 5 











Date % germination Date % germination 
Sept. 7, 1956 84 June 3, 1957 92 
10, 1956 88 5, 1957 92 
13, 1956 92 17, 1957 92 
Oct. 8, 1956 94 20, 1957 89 
Nov. 3, 1956 98 27, 1957 89 
May 13, 1957 94 Aug. 1, 1957 89 


28, 1957 Sept. 3, 1957 
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Another effect of season on germinability was noted in the samples collected 
from conk L5 in October and November. These not only germinated ex- 
ceedingly well but the initiation of germination was appreciably earlier than in 
other samples studied, beginning in 24 hours in contrast to the usual 30-36 
hour minimum. The data now available are not sufficient to establish this 
as a regular seasonal effect. However, since rate of germination is extremely 
important in determining the success of spores in causing infection, this 
phenomenon should be examined more closely. The other aspects of seasonal 
variability should also be studied in more detail using media more closely 
approximating the solution of the wound surface. 

The information given above was, however, sufficient to indicate that dif- 
ferences between spore samples existed and might be of considerable magni- 
tude, and that appropriate precautions must be taken. Accordingly, 
material for each of the comparative studies described in the following sections 
was obtained from a single conk, usually within a 1-day period, and always 
within a 3-day period. 


Influence of Nutrient Level on Germination 


Three considerations prompted an investigation of the effects of nutrient 
concentration on spore germination. These were: (1) that Riley (3) had found 
that spores did not germinate on water agar but did on a nutrient substrate; 
(2) that the trials made early in the study indicated that spores were relatively 
hard to germinate and would require nearly optimum conditions for dependable 
germination; (3) that general considerations and some very preliminary data 
indicated that the nutrient level on the wound surface fell rapidly as the wound 
became colonized. Evidence that this is the case is presented later. 

Since a first requirement was to find conditions which provided for good 
germination, a 2% malt medium, which is excellent for growth of most wood-rot 
fungi, was used. Results were extremely variable, the percentage germination 
being generally low. This was somewhat surprising since F. igniarius had 
been found to grow better on 2% malt than on any other of nine media tested 
(1). In hunting for a better medium for germination it was found that higher 
malt concentrations gave better germination. Accordingly a series of con- 
centrations of malt buffered at pH 5 was used to determine the optimum 
nutrient concentration, and the way in which germination varied with nutrient 
concentration. The rates and final percentages of germination obtained are 
given in Fig. 1. 

High concentrations of malt were found to give the most rapid and most 
complete germination. The highest used in this series (8%) gave the best 
germination, followed by the others in order of decreasing concentration. 
Twelve per cent was found in other tests to have no advantages over 8%. 
There was some variation in the magnitude of the response to nutrient level. 
In the samples in the late summer of 1956 the 8% solution gave almost double 
the percentage germination of the 3%, but in the spring of 1957 there was little 
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difference between these, and agars containing as little as 0.1% malt gave 
significant percentages of germination. In general 2% and 4% malt extracts 
gave markedly less germination than 8%. 

Since the percentages of malt extract used had a marked effect on spore 
germination, experiments were conducted using the principal components of 
malt separately in an attempt to determine whether the main sugar ingredients 
were of prime importance. Various concentrations of glucose and maltose 
were tested, a parallel series on malt extract serving as a control. Data from 
such a series are given in Table IV. 
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Fic. 1. The influence of concentration of malt extract on the germination of spores of 
F. igniarius. The samples of spores represented by the left-hand graph were collected 
May 21, 1957, from conk F1; those for the right-hand graph on August 31, 1956, from 
conk A2. 


TABLE IV 


GERMINATION OF SPORES OF F, igniarius ON AGAR 
CONTAINING VARIOUS CONCENTRATIONS OF MALTOSE, 
DEXTROSE, AND MALT EXTRACT, BUFFERED AT pH 5 











Concentration of sugar Final percentage germination 
0.5% glucose 23 
3.0 glucose 11 
8.0 glucose 23 
0.5% maltose 16 
3.0 maltose 41 
8.0 maltose 40 
0.5% malt 28 
2.0 malt 62 
8.0 malt 74 





Note: Spores were collected June 27, 1957, from conk LS. 
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Media containing even small amounts of either maltose or glucose gave 
significantly better germination than did water agar. The response of spores 
to concentrations above 0.5% was, however, small in the cases recorded in 
Table IV and also in nine other series not reported in detail. The stimulating 
effect of high concentrations of malt is not therefore due to the abundance of 
sugar but to some other substance either present in the malt in only small 
quantities or else required by the fungus in rather large amounts. This 
conclusion was supported by other experiments in which various percentages 
of glucose were added to a 2% malt extract medium. The added sugar had 
no effect. 

We may conclude from these tests that basidiospores of Fomes igniarius 
are, to a considerable extent, dependent upon external nutrients for successful 
germination. Their requirements are at least twofold, i.e. for a carbohydrate 
source and for some other material or materials. 


Influence of pH on Germination 


We are, at present, unable to delimit even approximately the range of 
wound types which may be suitable as infection courts for Fomes igniarius. 
Both freshly made wounds, uncolonized by other organisms, and aged wounds, 
colonized by a host of species, must be considered as possible sites of infection. 
Various types and ages of wounds would be expected to vary in a number of 
ways including the pH of the surface which would change as a result of the 
metabolism of the colonizing organisms. A change in pH would be expected 
to affect profoundly the rate of germination of spores which landed on the 
wound. Attention was therefore given to the range of pH’s found character- 
istic of wounds of different ages and to the effect of pH on the germination of 
spores of Fomes igniarius. 

The pH of the surface of wounds was determined by steeping chips chiseled 
from the surface in distilled water for several hours and measuring the pH of 
the extract with a Beckman pH meter, model G. In this method the solution 
tested is somewhat more dilute than that of the moist wound surface but the 
pH of such an extract was found to vary only slightly with the amount of 
water used in extracting. Since the readings for a dilute solution would be 
closer to neutrality than those for a concentrated solution, the pH variations 
observed should be less rather than greater than those actually obtaining and 
interpretations of possible pH effects will be somewhat conservative. The 
pH’s of the extract from various types of wounds are given in Table V. 


TABLE V 


THE pH OF A WATER EXTRACT OF SHAVINGS FROM THE 
SURFACE OF WOUNDS OF POPLAR TREES 











Type of wound pH range 
Normal sapwood 6.0-6.3 
Ends of bolts cut 6-10 months 5.8-6.0 
Stumps cut approximately two years 4.6 
Branch stubs dead 10-20 years 4.0-7.4 
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A distinct acidification of the wound surface occurred following exposure. 
Wounds of 2 months’ to 2 years’ standing were unfortunately very limited in 
number, and it is not clear whether the lowering of the pH is gradual or whether 
there is an early period without change or even of increasing pH followed by 
anabruptdrop. Marked increases in the pH of stained poplar wood associated 
with F. igniarius decay have been noted (1). 

The great majority of older wounds were distinctly acid, i.e. within the pH 
range 4.0-5.0 representing increases of 10 to 100 times in the hydrogen-ion 
concentration of the wood surface. An indication of the significance of this 
change was sought by comparing the germination of spores of F. igniarius 
on nutrient agars adjusted to various pH’s. The effects of pH were determined 
by the techniques outlined under Materials and Methods. In all tests but one, 
which is discussed below, a phosphate-citrate buffer was used. This was made 
by mixing 0.2 M Na2HPQ, with 0.1 M citric acid in various proportions. One 
part of this buffer was added to nine parts of medium. 

The effect of the addition of buffer was tested by germinating spores on 
malt media of various concentrations without buffer and with buffer adjusted 
to the same pH as the unbuffered malt. Thus the 2% malt was buffered at 
pH 6.0 and the 8% at pH 5.0. A further test was made in which the buffer 
was used at five times its normal concentration. Results of these tests are 
shown in Fig. 2. 

The buffer was found to have a very slight inhibitory action with malt 
solutions of 2% or higher when used at the normal concentration. At five 
times this concentration appreciable inhibition occurred and this was more 
marked in the more dilute nutrient solutions. 
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Fic. 2. The effect of phosphate-citrate buffer on germination of spores of Fomes 
igniarius. The standard buffer (STD) was used at a concentration of one part buffer 
to nine parts of the medium. Curves for a buffer of five times this concentration (CONC.) 
are also given. All samples of spores were collected May 17, 1957, from conk F1. 
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However, there was close agreement between the results on unbuffered 
media and on those buffered at pH 5 and 6 using the normal buffer concentra- 
tion. Under the conditions of these tests, i.e. at pH 5.0-6.0 and on 2% or 
8% malt, the buffer inhibitor was negligible. Moreover the excellent germin- 
ation on most media at pH 4 showed that no significant inhibition occurred. 
These observations seemed to justify the use of the phosphate—citrate buffer 
in testing the effect of pH on spore germination since disturbances due to the 
buffer did not occur in the range of reaction found normally on the wound. 

Spores were germinated on 2% and 8% malt extract media buffered at 
various pH’s. The results of some of these tests are given in Fig. 3. Extracts 
buffered at pH 4 gave the highest percentage germination and the fastest 
germination at both concentrations of malt, though the percentages at pH 3 
were almost equally high. Media of pH 5.0, pH 6.0, and pH 7.0 gave apprec- 
iably less germination, the amount decreasing with increasing pH. No spores 
germinated on a medium of pH 8.0. The rate and completeness of germina- 
tion were affected in much the same way at the two concentrations of malt 
used, though a small effect of nutrient was noted. On media of high nutrient 
content pH was less critical and more spores germinated at pH 6.0 and pH 7.0. 

Since the higher pH’s contained more phosphate and since impurities in 
the phosphate seemed a possible source of the buffer inhibition, it appeared 
possible that the buffer was having a greater inhibition at pH 7 and 8 than it 
had in the test series reported in Fig. 2 and that the very sharp reduction in 
germination at pH 7 and the failure to germinate at pH 8.0 was either a false 
effect or at least an exaggeration. Accordingly the germination at pH 7 
and 8 was checked with another type of buffer, tris(hydroxymethyl)amino- 
methane. This was added to the medium to make a 0.1 M solution and the 
pH adjusted with hydrochloric acid. 
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Fic. 3. The influence of pH on germination of spores of F. igniarius on 2% and 8% 
malt extract agars. All samples of spores collected June 27, 1957, from conk LS. 
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With a malt concentration of 8% and the tris(hydroxymethyl)amino- 
methane buffer adjusted to pH 7 the germination was twice that using a phos- 
phate-citrate buffer, reaching a maximum of 41%. Witha malt concentration 
of 2% and a pH of 7.0 the germination tripled reaching 31%. At pH 8.0, 
however, no germination occurred with either 2% or 8% malt extract. We 
may conclude that, although the curve for pH 7.0 in Fig. 3 is depressed some- 
what by buffer inhibition, pH 7.0 is too high for spores to germinate either 
quickly or well and that pH 8.0 lies outside the range of reaction which will 
permit germination. 

It would appear that germination of spores on natural infection courts is 
favored by the most acid conditions found. Indeed the optimum pH for 
germination on malt extract agars was lower than found in any of the wound 
extracts. Since the aged wound is with rare exceptions much more acid than 
the fresh wound, the aged wound has at least this advantage over the fresh 
wound as an infection court. 

Although a pH of 4.0 was found to be best for germination of spores of F. 
igniarius, pH 5.0 was used in many of the test series because the pH of wound 
surfaces was rarely as acid as pH 4.0, and it was felt that data on effects of 
other factors would be more pertinent if a normal pH were used. 


Spore Germination on Extracts of Poplar Wood 


An important question about spore germination is whether it is more likely 
to occur on fresh or aged wounds. This importance was emphasized by 
finding that the aged wound has a distinctly more favorable pH than the fresh 
wound. A direct comparison was therefore made of the germination of spores 
on agars made from sap expressed from living, healthy poplar sapwood, and 
from the surface of poplar wounds well colonized with saprophytic fungi, but 
showing little indication of decay. 

The extract of aged poplar wound was prepared by chiseling about 1/8 in. 
from the surface of poplar stumps cut about 2 years earlier by beaver. These 
chiselings were usually obtained shortly after a rain and were then quite moist. 
However, in all cases the chips were moistened further until they would absorb 
no more water, left to stand for 1 hour, and pressed in a Carver hydraulic press. 
A force of approximately 16,000 Ib. per sq. in. as registered on the dial of the 
press was used. 

The fresh wood extract was obtained either by crushing blocks of wood about 
5 in. long and 3 in. in diameter from a young poplar tree or chips cut from a 
fresh poplar log. The chips were moistened to saturation before pressing to 
give a preparation more comparable to the extract of aged wood surface. 

The pH of the sap was determined immediately after pressing and was 
found to be 4.6 for the aged wound extract and 6.0-6.3 for the fresh sapwood 
(Table V). The part of the extract not used immediately for germination 
tests was placed in a freezer at 0° F. This extract was also used for a chromato- 
graphic determination of the sugars and amino acids present, together with a 
rough chromatographic determination of the concentration of these. Enough 
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agar to make a 1% solution was added to the extracts which were warmed to 
dissolve the agar. This gave sufficient sterilization. The agar was then used 
either in a Petri dish or as a drop in a van Tieghem cell. 

The progress of germination on the extracts of fresh wood and wound surface 
is given in Fig. 4. 

In the first three series germination was much faster and more complete 
on the extract of aged wound than on the extract of fresh wood. The highest 
germination recorded at that time on fresh wood extract was only 27% where- 
as on the wound extract germination reached 98%. However, in a second 
group of experiments done about a month later (June, 1957) a much better 
germination occurred on the extract of fresh wood. No satisfactory explana- 
tion for this difference has been found. In the second series samples from three 
conks averaged 94% germination on aged wound extract and 79% on fresh 
wood. Aithough the differences were not always consistent in magnitude, 
all of the nine series carried out on extracts of fresh and aged wood were con- 
sistent in showing that germination was better on the extracts of aged wound 
surface. 

The property of the aged wound which most obviously favored germination 
was the pH. To determine whether the difference observed was primarily a 
PH effect both extracts were buffered at the pH of the other type of extract. 
The results shown in Fig. 5 were obtained. At both pH’s used the aged wound 
extract gave better germination of the spores than did the fresh wood extract. 
However, the difference at a pH of 4.9 was slight. It appears that while pH 
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Fic. 4. The effect of extracts of sap made from 2-year-old wound surfaces of poplar 
stumps (AGED EXTRACT) and from freshly chipped poplar saplings (FRESH 
EXTRACT) on the germination of spores of F. igniarius. Spores were collected on aged 
and fresh extract 1 on May 22, 1957. Spores were collected on aged and fresh extract 2 
on June 18, 1957. All spores were obtained from conk LS. 

‘IG. 5. The effect on the spores of F. igniarius of extracts of:sap from the surface 
of 2-year-old poplar stumps (AGED EXT.) and on extracts from freshly chipped poplar 
saplings (FRESH EXT.) when buffered so that each extract had the normal pH of the 
other type of extract. The spores were collected from conk L5 on May 30, 1957. 








GOOD AND SPANIS: FOMES SPORES 433 


is an important factor germination is better on the aged wood extract regard- 
less of the pH. Certain other factors must therefore also be favorable on the 
aged wood surface. Although germination on the aged wound extract was 
as high when buffered at pH 6.0 as was the germination on the unbuffered aged 
wound extract, spores on the extract buffered at pH 6.0 were later in arriving 
at the maximum percentage germination. 

The advantage of the aged wound is not in its higher level of nutrients, at 
least in so far as these are represented by soluble sugars and amino acids. 
When samples of the extracts were chromatogrammed, it was found that glu- 
cose, fructose, and sucrose were present in the extract of fresh wood, the total 
concentration being of the order of 0.2%. In the extract of aged wound sur- 
face only glucose was found in a concentration of approximately 0.03%. 
These figures are somewhat lower than would be obtained at times on the un- 
disturbed wood surface since enough water was added to make the exposed 
surface wood as wet as it would be immediately after a soaking rain. However, 
it seems unlikely that any large part of the difference in concentration could 
be due to the dilution. The amino acid concentration was also very much 
higher for the fresh wood extract. Visual estimation from the chromatograms 
suggested that the extract of fresh sapwood had about 100 times the amino 
acid content of the aged wood. 

The germination of spores on both wound extracts and extracts of malt 
indicates that germination of F. igniarius spores is conditioned in part by a 
supply of some substance which is present in extracts of plant tissue such as 
malt or in extracts of a mixed biological community but not present in adequate 
amounts in extracts of fresh wood. The requirements of F. igniarius for 
growth substances should be investigated since it seems entirely possible that 
a growth factor is the substance required. 


The Influence of Temperature on Spore Germination 


Spores of F. igniarius varied in germinability during the season, and were 
slow to germinate under any conditions. The effects of temperature on rate 
and percentage of germination were therefore examined. Spore samples 
collected in the usual way on a medium of 8% malt extract at pH 4 were 
placed in constant-temperature chambers at 5, 10, 15, 20, 25, 30, and 35° C. 
and the course of germination followed by daily examinations of the plates. 
The results of such a series are given in Fig. 6. 

Germination was almost equally rapid and complete at temperatures of 
20, 25, 30, and 35° C. though the 30° sample showed somewhat more rapid 
germination than those at a lower or higher temperature. After 8 days at 
10° C. only a few of the spores had germinated. Above 30° C. the germ tubes 
of the spores were quite short and grew very little after 6 days. 

Spores of F. igniarius are therefore capable of germination at almost any 
temperature encountered during the growing season, but they are very slow 
to germinate at low temperatures, requiring a temperature in excess of 15° C. 
for even moderately rapid germination. Apparently this fungus is more likely 
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to find conditions for rapid germination during the summer. This is a sur- 
prising temperature adaptation in view of the extensive sporulation which 
takes place in early spring and fall, the somewhat greater rapidity of germina- 
tion of spores produced in the autumn, and the frequency of adverse weather 
conditions during the warmer and drier months of the year. 
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Fic. 6. Influence of temperature on germination of spores of F. igniarius collected 
October 8, 1956, on 8% malt pH 4 from conk O1. 





The Effects of Aging on Spore Germinability 


The amount of effective inoculum available at any time depends primarily 
on the current rate of spore production. However, if the spores remain viable 
for some weeks or even months, there may be an accumulation of effective 
spores on the infection courts, and this should materially increase the chance of 
infection when climatic conditions favor germination. 

To determine the extent to which such a build-up might occur, the longevity 
of spores of F. igniarius was studied. This was essentially a check of Harrison’s 
(2) results with the addition of an estimate of the percentage of spores remain- 
ing viable. Spores were stored in a field laboratory under natural conditions 
of temperature and humidity, the relative humidity being between 60 and 80% 
most of the time during the spring of 1957 when most of the work was done and 
between 25 and 50% during August 1956 when the preliminary work was done. 

Spores from different conks varied widely in the times they remained visually 
unaffected by storage. Those from certain conks appeared turgid when 
collected on an agar medium but, when collected on dry glass, shriveled ob- 
viously in a short time. Such shriveled spores failed to germinate. Spores 
from other conks remained large and turgid even after prolonged storage on a 
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dry glass. These differences were borne out by the germination tests. Results 
of these samples collected on May 13, 1957, from seven conks and stored in 
the laboratory, and the rate of germination tested after various periods are 
given in Table VI. 
TABLE VI 
PERCENTAGE OF GERMINATION OF SPORES OF F. igniarius STORED IN 


THE FIELD LABORATORY AND SUBJECT TO NATURAL CONDITIONS OF 
HUMIDITY AND TEMPERATURE 








Percentage germination 


Days Conk 

from - - rr - ——___________—_ 

collection LS Fi R1 C5 P1 02 O1 

0 94 96 96 90 91 93 92 

10 92 82 96 — — 0 0 

15 92 - 96 74 0 0 0 

40 91 13 72 15 0 0 0 

50 72 0 35 few — -- — 

70 72 0 — 0 — —~ —~ 

80 60 0 0 0 — — — 








Note: Spores were collected May 13, 1957, and germination tested on 8°% malt extract 
at pH 4. 

From the data in Table VI it appears that the spores of F. igniarius may 
remain viable for a considerable period. Certain samples showed only a slow 
loss of viability, with substantial percentages germinating after more than a 
month in storage. One sample from conk L5 gave 61% germination after 
80 days’ storage in the laboratory. On the other hand spores from two conks 
showed a complete loss of viability within the first 10 days. 

Two conclusions appear justified from the data in this table: first that 
spores of F. igniarius may remain viable for more than 2 months in the field 
and second that, while many spores are long-lived, some are viable for only a 
few hours or days. Most of the spores collected in summer and autumn of 
1956 were short-lived. Samples from 10 conks gave a maximum germination 
of 5% after 4 days’ storage. The humidity at the time of production and 
during the study of these spores was, however, very much lower than in spring 
1957. The number of spores produced depends greatly on humidity and it 
seems that the nature of the spore may also be, in part, a function of weather 
conditions during maturation, though resistance to aging did not appear to 
be correlated with the amount or dependability of sporulation nor can the 
differences in Table VI be attributed to weather. Moreover, samples col- 
lected in late June 1957, from conks L5 and O, showed a marked improvement 
in longevity of the O1 spores and a reduction in longevity of the L5 spores. 
The authors are unable to suggest an explanation for this marked and incon- 
sistent variability. 
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Discussion 


Attempts to correlate gross chemical and physical properties of plants with 
the susceptibility to disease have, in general, been disappointing. Clearly 
the conditions modifying growth in living tissue can rarely be judged from 
the properties of plant extracts or the growth of pathogens on such extracts. 

There are, however, grounds for considering that the behavior of spores of 
wood-rot fungi on agar media or plant extracts may simulate rather closely 
their germination and early growth on wounds such as serve for infection 
courts. These wounds expose little if any living tissue. Even when the wood 
exposed is principally sapwood the surface cells die quickly. There is, more- 
over, a rapid colonization of the wound surface by saprophytes which grow 
much more rapidly than does F. igniarius whose spores require at least 30-40 
hours to germinate. 

We may therefore assume that spores of F. igniarius germinate on a dead 
substrate which has been at least partially colonized by common, rapid-growing 
saprophytes. Since the spores of F. igniarius are rarely capable of germina- 
tion on pure water or water agar, their ability to germinate quickly and to 
invade the wood would appear to depend considerably on the properties of 
the solution which saturates the wood at the time of germination. This solu- 
tion may be recovered from the wood substantially unchanged, its properties 
studied, and the germination of spores in it checked directly. When such 
direct tests are not possible, at least a tentative conclusion about the sus- 
ceptibility of a wound for infection may be inferred from a knowledge of the 
properties of the wound surface and of the way in which spores respond to 
media of comparable properties. 

Although spores of F. igniarius germinated poorly on water agar and only 
reasonably well in a solution of glucose and maltose, they germinated well in 
a malt extract solution particularly when this was relatively concentrated. 
However, dilute malt extract plus purified glucose or maltose was no better 
than the dilute malt extract itself. This suggests that a carbohydrate source 
facilitates the germination of spores only slightly and the needs of the spore 
also include some other substance presumably occurring in relatively small 
amounts in the malt extract. A comparison of germination on extracts of old 
and fresh wounds bears out the view that the carbohydrate source is not the 
critical nutrient factor. Germination on the aged wound extracts was con- 
sistently better yet the concentration of sugars as determined by a visual 
chromatographic estimate was appreciably higher in the fresh wood extract. 
As the wound ages it provides less soluble nutrient for the spore but gains in 
some other growth and germination factor. The net result of the affects seems 
to make the aged wound the more favorable site for infection. 

Perhaps the most clear-cut change in the properties of the wound surface 
is the pH which drops fairly quickly from 6.0 or slightly higher to 5.5 and 
finally to 4.5 or 5.0. This change is presumably brought about by the action 
of saprophytes. The most acid conditions found were close to the optimum 
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for F. igniarius spores as determined on a buffered agar substrate. The 
occasional high pH’s found associated with poplar wood (1) would apparently 
inhibit spore germination completely. 

Although the spores germinated very much faster at summer temperatures 
of 20° C. and above, the production of spores was so much lower in midsummer 
than in the spring and fall and the humidity is normally so much less suitable 
that the temperature advantage of summer may well be cancelled. In addi- 
tion, the competitive effects, to which the spore and germ tube are almost 
certain to be subjected, introduce a complicating factor since Rishbeth (4) 
has shown that competitive effects may be much altered by temperature. 
There is to date, therefore, no real indication of seasonal control of infection 
though late spring and early fall are the times when high spore productivity 
coincides with humid conditions and a temperature which would encourage 
fairly rapid germination. 

Only a direct experimental approach to the infection problem can show 
clearly the optimum conditions for infection. However, the data presented 
here give some information basic to such a study by showing the precautions 
necessary to obtain uniform spore samples, by showing some possible methods 
of handling and storing spores, and by indicating that contrary to the situation 
described by Rishbeth (5) in Fomes annosus attention should not be focused 
exclusively or even mainly on the fresh wounds. The aged wound favors 
spore germination in at least two ways. However, germination is only the 
first step in infection and competitive effects in the surface layers may be of 
decisive importance. A study of these must form an important part of direct 
studies of natural infection. 
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